Historic, archived document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 252 


Contribution from the Bureau of Entomology 
L. O. HOWARD, Chief 


Washington, D. C. PROFESSIONAL PAPER Augist 10, 1915 


rie HISTORY OF THE CODLING MOTH 
12 ~._IN MAINE 


é 


j By 


By i SIEGLER and F. L. SIMANTON, Entomological 
of Assistants, Deciduous Fruit Insect Investigations 


CONTENTS 


Introduction Comparison of the Life History of the 
Definition of Terms Codling Mothin1913and 1914 .. . 
Seasonal-History Studiesof 1913 .. . The Control of the Codiing Mothin Maine 
Seasonal-History Studiesof1914 . . . 28 | Summary and Conclusions 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1915 


; BULLETIN No. 252 veo 


Contrivution from the Bureau of Entomology 
L. O. HOWARD, Chief 


Washington, D. C. PROFESSIONAL PAPER August 10, 1915 


LIFE HISTORY OF THE CODLING MOTH IN MAINE. 


By E. H. Steerer and F. L. Smmanton, Entomological Assistants, Deciduous Frutt 
Insect Investigations. 


CONTENTS. 

Page. Page. 
Tnbro duction ee ease opi eee es ane 1 | Comparison of the life history of the codling 
Wefinibionvohberms- esse se yeeee ees eeeseee 2 ALO Ela aay LOLS Meme] OVA ee ae Nee pean 46 
Seasonal-history studies of 1913.............- 3 | The control of the codling moth in Maine.... 49 
Seasonal-history studies of 1914_............. 28} Summary and conclusions... -.....22..00.052 49 

INTRODUCTION. 


A temporary field station of the United States Bureau of Entomol- 
ogy was established at Winthrop, Me., in the spring of 1913, under 
the direction of Mr. A. L. Quaintance, in charge of deciduous fruit 
insect investigations. Mr. E. H. Siegler, of the Bureau of Ento- 
mology, was assigned to this station for the purpose of studying the 
life history of the codling moth (Carpocapsa pomonella L.) under 
Maine conditions. Owing to the transfer of Mr. Siegler in 1914 to 
another station, Mr. F. L. Simanton was detailed to complete the 
investigations. The records of the observations, herewith reported, 
cover the seasons of 1913 and 1914, during part of which time the 
writers were assisted by Mr. E. R. Van Leeuwen. 

_ dn order to ascertain the variations in the life history of the codling 
moth under diverse climatic conditions, investigations have now 
been completed in widely separated districts, such as Maine and New 
Mexico, as weil as in representative intermediate localities. The 
methods of study have been essentially the same wherever the work 
has been undertaken. In this bulletin a detailed account of the life 
history of the codling moth is reported as well as brief mention of the 
means of control. 
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DEFINITION OF TERMS. 


The following terms and definitions have been adopted for this 
report. 

The term brood is used for any stage of any generation of the insect. 
Thus, first-brood larva refers to a larva of the first generation; 
aninebrond larva has reference to a larva of either the first or second 
generation. 

Generation is used to include all of the stages of the insect, from 
the egg to the adult stage. 

The life cycle of a generation herein recorded includes the time from 
the deposition of the egg until the emergence of the moth. 

The complete life cycle includes the time from the deposition of the egg 
of cne generation to the deposition of the egg of the next generation. 

The term wintering larve has reference to the larve which winter 
in the larval stage. It includes all larve which do not transform 
during the same season as hatched. 

The wintering larve transform in the spring to pupx, known as 
spring-brood pupe (spring pup). These in turn transform to 
spring-brood moths (spring moths). The spring pupe and spring 
moths, although the first to appear in the calendar year, are not 
designated as first-brood pupz and first-brood moths. The first- 
brood pupe and the first-brood moths appear later in the season and 
are the pupe and moths of the first generation. These may be con- 
veniently designated summer pupz and summer moths. 

The terms used for Maine conditions are defined as follows: 
Wintering larve: nel ue overwintering larve of the first and second 

broods. 

Spring-brood pupx: Include the pupe from the overwintering larve. 
Spring-brood moths: Include the moths from the spring pupe. 
The first generation includes: 
1. The first brood of eggs. 
2. The first brood of larvee, which includes 
(a) transforming larve; 
(b) overwintering larve. 
3. The first brood of pups, or summer pupe. 
4. The first brood of moths, or summer moths. 
The second generation (not complete in Maine) includes: 
1. The second brood of eggs. 
2. The second brood of larve. None of these larve transform 
until the following spring. 
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SEASONAL-HISTORY STUDIES OF 1913. 


The codling-moth life-history investigations were conducted under 
outdoor conditions, so that the results obtained would represent, as 
nearly as possible, the normal life of this insect in the field. Accord- 
ingly the rearmg work was carried on in an open shelter erected for 
this purpose. 

As a basis of comparison the laboratory methods were checked 
with field observations chiefly by means cf banded trees. The apple 
trees were prepared for banding by removing the loose bark from the 
trunk and main limbs. A burlap band of three thicknesses and about 
5 inches in width was then placed tightly around the trunk about 
3 feet above the base and held in place by an 8-penny wire nail. The 
larvee were collected from these banded trees every three days. These 
larvee hatched and fed under natural conditions, and hence their time 
of leaving the fruit and their subsequent life history should correspond 
with those of the larve reared by the laboratory methods. 

The general method for carrying out the life-history studies is 
illustrated in Plate II, figure 1. The cages used were large glass bat- 
tery jars covered with cheesecloth tops, which were held in place by 
rubber bands. In cage a (PI. II, fig. 1) are shown the racks in which 
the codling-moth larve have spun their cocoons. The details of these 
racks are illustrated in Plate II, figure 2, and described on page 4. 
Pupation is recorded daily and after the moths emerge the length of the 
pupal stage is computed. The moths are transferred daily from cages 
similar to cage a (PI. II, fig. 1), and confined within cages like 
cage 6 (PI. I, fig. 1). The bottom of cage 6 is covered with 3 
inches of moist sand and contains fresh apple foliage and a sponge 
moistened with a sugar solution. The moths deposit their eggs upon 
the foliage, which is removed each day and the number of eggs 
recorded. The following data are obtained from cage 6: (1) Days 
before egg deposition; (2) time of egg deposition; (3) length of ovi- 
position period; (4) total number of eggs; (5) average number of 
egos per female; (6) length of life of male and female moths. 

In order to prevent curling, the leaves are placed between two 
pieces of wire screen until the leaves dry—cage e (PI. II, figs 1) 
They are then removed from cage ¢ to cage d (PI. II, fig. 1), in 
which cage the embryological changes and incubation periods are 
noted. Upon hatching the larve are transferred to cage e (PI. II, 
fig. 1). This cage contains apples placed within a wire container and 
also the racks in which the larve spin their cocoons. 

Since the time of entering the fruit is known and since the time of 
leaving is found by a daily examination of the cocoon racks, the 
length of the feeding period is thus established. By following the 
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successive stages of the codling moth through the series of five cages 
the life cycle is readily ascertained. 

It should be explained here that each table is a unit in itself. 
Successive tables are not necessarily continuations of the life history 
of all of the same individuals. For example, it will be noted that 
Table fis a record of the time of pupation of 753 wintering larve and 
that Table If includes observations on the length of the pupal stage 
of but 483 of these individuals. Differences of this character may be 
due to natural or artificial causes, such as to death, to accidental 
injury, to parasites, to the removal of specimens for other purposes, 
and to accidental escape of the moths during examination. 


WINTERING LARVA. 


The wintering larve, as stated in the definition of terms, comprise 
first and second brood larve. These larve winter naturally in cocoons 
(Pl. I, fig. 1), usually beneath the loose bark of trees, in decayed wood, 
or in other similarly protected places on or about the tree. The larvee 
are inactive until sprmg, when they remodel their cocoons, so as to 
furnish exit tubes for the moths. (See Pl. I, fig. 2.) The exit tube, 
which varies in length according to the exigency, assists the moth 
in successfully emerging from the cocoon. — 

The codling-moth larve used at.the laboratory were collected early 
in the spring of 1913. These larvee were secured from cider mills 
where they had spun up beneath the flooring and in other concealed 
places. The larve were then allowed to form new cocoons in racks 
such as are shown in the illustration (PI. LI, fig. 2). 

_ These racks consist of two strips of soft wood, to the lower of which | 
three narrow crosspieces are glued—one at each end and one in the 
middie. A thin piece of mica is then placed between these cross- 
pieces and the top strip and the whole is held together by two clamps. 
This makes it possible to remove the top strip and to observe the 
specimens through the mica. Referring to the illustration, it will be 
seen that there are artificial cells or compartments. The walls of 
these were first outlined with a little glue over which sawdust was 
sprinkled. Although more than one larva frequently spms up within 
the same chamber the artificial barriers serve to keep the larve some- 
what separated. Such separation facilitates the recording of the 
observations. 

SPRING BROOD OF PUP. 


Time of pupation.—Daily observations of the wintering larve were 
taken and as each larva pupated its number was recorded upon the 
rack directly below the pupa. (Pl. II, fig. 2.) In Table I is shown 


Bul. 252, U. S. Dept. of Agriculture. PLATE I. 


CHART ILLUSTRATING THE LIFE HISTORY OF THE CODLING MOTH IN MAINE. 


Fig. 1.—Overwintering larva in cocoon. Fia. 2.—Cocoons remodeled by overwintering larvyee to 
form exit tubes. The upper cocoon contains a spring-brood pupa; the lower, a pupal skin from 
which the moth emerged. Fic. 3.—A spring-brood moth. Fia. 4.—A spring-brood moth ovi- 
positing on leaf, showing first-brood eggs. Fie. 5.—A wormy apple containing a first-brood 
larva. F1ea.6.—Cocoons of first-brood larvee, one of which transformed topupa. Fia.7.—First- 
brood moth ovipositing on leaf, showing second-brood eggs. Fia. 8—An apple showing where 
a second-brood larvaentered the side. Time to spray, as soonas petals drop. Toolate to spray, 
calyx cup closed. (Original.) 


PLATE II 
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the time of pupation of 753 overwintering larve. ‘It will be noted 
that the first larva pupated May 5, while the last larva under observa- 


tion did not pupate until July 7. 
extended over a period of about two months. 
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Fig. 1.—Diagram showing pupation of the spring -rood of the codling moth in 1913 at Winthrop, Me. 


(Original.) 


time of pupation was June 6, when 72 larve transformed. The 
greater part of the larve pupated during the first half of June. 
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TaBLE I.—Time of pupation of overwintering larve, Winthrop, Me., 1913. 
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10 June 13 22 
29 June 14 28 
21 June 15 28 
38 June 16 20 
58 June 17 15 
63 June 18 20 
72 June 19 12 
56 June 20 11 
17 June 21 11 
12 June 22 9 
44 June 23 6 
39 June 24 v4 
38 June 25 3 
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June 26 
June 27 
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June 29 
June 30 
July 1 
July 2 
July 3 
July 7 
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_ Length of the pupal stage.—The average length of the pupal stage 
of 483 individuals, as recorded in Table II, was found to be 19.03 
days; maximum, 44 days; minimum, 9 days. By reference to this 
table it will be seen that as the season advanced the length of the 
pupal stage was gradually shortened, due to higher average daily 


temperatures. 
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TABLE IT.—Length of the pupal stage of spring-brood pupx, Winthrop, Me., 1913. 
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bloom. The last of the spring-brood moths issued July 20. 


Average length of the pupal stage, 19.03 days. 
Maximum length of the pupal stage, 44 days. 
Minimum length of the pupal stage, 9 days. 


SPRING BROOD OF MOTHS. 


Time of emergence of moths.—The first of the spring-brood moths 
emerged June 18, about two weeks after the petals dropped. The 
maximum emergence of moths occurred June 27—one month after full 


emergence record of 514 moths is given in Table III. 


TABLE III.—Time of emergence of moths of the spring brood, Winthrop, Me., 1913. 
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Dale of Number Date Number pate of | Number pateek Number 
of moths., of moths T- | of moths. | “| of moths. 
gence | | gence gence gence. 
June 18 2 || June 27 74 || July 5 10 || July 15 : 
June 20 5 || June 28 27 | July 6 14 || July 18 1 
June 21 10 || June 29 39 || July 7 14 || July 0 2 
June 22 15 || June 30 32 || July 8 5 ————_— 
June 23 14 | July 1 50 | July 10 7 || Total. 514 
June 24 25 || July 2 35 || July 11 3 || 
June 25 43 | July 3 16 | July 12 4 || 
June 26 25 || July 4 34 || July 13 4 
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Time of egg deposition. au hs will be seen in Table IV, the first eggs 
of the spring-brood moths were laid on June 22, while ithe last ovipo- 


sition occurred July 
30. Hence the period 
of oviposition was ap- 
proximately 1 month. 
The average number 
of days from the time 
of emergence to the 
time of first oviposi- 
tion was 4.086 days; 
maximum, 14 days; 
minimum, 1day. The 
average duration of 
the oviposition period 
was 14.086 days; max- 
imum, 26 days; mini- 
mum, 1 day. The 
average number of 


SULY 
Fic. 2.—Diagram showing emergence of the spring brood of moths 


of the codling moth in 1913 at Winthrop, Me. 


(Original. ) 


days from the date of moth emergence to the last date of oviposition 
was 16.739 days; maximum, 27 days; minimum, 6 days. 


Taste I1V.—Oviposition by moths of the spring brood in rearing cages, Winthrop, Me., 


1913. 
Sex. Date of— 
Num 
Cage 

No. eee Emer- First Last 
3 Q gence of | ovipo- ovipo- 

moths. sition. sition. 

| 2 June 18 
1 5 9 8 jpine 20 |-}June 22| July 7 
10 June 21 

2 13 9 4] June 22] June 29| July 2 

3 13 9 4| June 23]...do....| July 3 

4 19 12 7 | June 24]|...do....| July .9 
5 41 16 25 | June 25] June 27 |...do.... 

6 24 13 11 | June 26} July 3) July 8 

7 30 16 14 | June 27 | June 29] July 14 

8 38 12 261 22d. Oss |= \CO seve li uUlliy 624: 

9 24 11 13 | June 28! July 1) July 13 
10 26 8 18 | June 29 |...do....| July 22 
11 25 14 11 | June 30} July 2] July 23 
12 25 10 15 | July 1] July 3] July 27 
13 18 7 11 |...do....|...do....| July 22 
14 31 16 15| July 2) July 4 |-...do...:. 
15 14 5 9) July 3] July 5] July 23 
16 28 15 13 | July 4|...do....| July 22 
17 9 6 3| July 5] July 6]...do.... 
18 13 3 10 | July 6] July 8] July 30 
19 11 4 7| July 7) July 11] July 29 
20 5 3 2| July 81] July 18] July 20 
21 5 1 4| July 10} July 17] July 25 
22 4 2 2| July 12} July 15] July 20 
23 3 1 2| July 13 | July 17} July 23 
24 4 2 2) July 15} July 21] July 21 
Number of male moths......... 204 | Average........... 
Number of female moths....... 236 | Maximum......-.. 
Totai number of moths......... 440 | Minimum......... 


Number of days— 
a ou 
ate of 
Ree Of ovi- | emer- 
aes position. | gence to 
‘ last ovi- 
position. 


7 4 10 
6 5 10 
5 11 15 
2 13 14 
7 6 12 
2 16 17 
2 26 27 
3 13 15 
2 | 22 23 
2 | 22 23 
2 25 26 
2 20 21 
2 19 20 
2 19 20 
1 18 18 
1 17 17 
2 23 24 
4 19 22 
10 3 12 
i 9 15 
3 6 8 
14 7 10 
6 1 6 
4. 086 14.086 | 16.739 
1 26 27 
1 1 6 
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Number of eggs per female-——No attempt was made to isolate 
fertilized females for the purpose of securing individual egg-laying 
records. However, by dividing the number of eggs laid by the 
number of female moths the average was computed. In Table IV 
it will be seen that 236 female moths were confined with 204 males 
in 24 cages. A few eggs were laid upon the sides of the cages, but 
hese were not included in the computation. The number of eggs, 
exclusive of those laid upon glass, was 7,546, which number when 
divided by 236 gives an average of 31.974 eggs per female. 

Length of life of moths.—Observations on the length of the hfe of 
191 male moths and 229 female moths are shown in Table V. The 
average life of the male moth was 10.685 days; of the female, 12.253 
days. Maximum number of days for male moth 34, for female 38; 
minimum number of days for male moth 2, for female 2. 


TaBLeE V.—Length of life of male and female moths of the spring brood in captivity; sum- 
mary of records of 420 indiwiduai moths, Wintirop, Me., 1913. 


Male. Female. Male. Female. 
Length} Number | Length) Number Length Number | Length! Number 
of life. | of moths. | of life. | of moths. || of life. ie moths. | of liie. | of moths. 
Days Days Days. Days. 

3 2 1 22 | 2 22 1 
3 7 3 5 23 2 23 5 
4 5) 4 f 24 0 24 3 
§ 15 5 12 25 1 25 2a 
6 15 6 11 26 0 26 il 
7 20 7 18 | 27 2 Fall 1 
8 22 8 1323) 28 0 28 2 
9 24 9 24 | 29 0 29 2 
10 13 10 20 30 1 30 0 
il 5 il 20 31 2 31 0 
12 7 12 15 32 0 32 2 
13 6 13 3 33 0 33 0 | 
14 9 14 19 34 2 34 0 
15 5 15 10 35 0 35 0 
16 6 16 9 36 0 36 0 
17 4 17 6 37 0 SY 0 
18 i 18 5 38 0 38 1 
19 5 19 3 ——_— ————— 
| 20 4 20 7 | 191 229 
anor 3 21 cen | | 


Average length of life of male moths, 10.685 days; female moths, 12.253 days. 
Maximum length of life of male moths, 34 days; female moths, 38 days. 
Minimum length of life of male moths, 2 days; female moths, 2 days. 


THE FIRST GENERATION. 
FIRST BROOD OF EGGS. 


Length of incubation.—During the period of oviposition a record 
of 7,546 eggs was kept. Of this number 7,493 (99.29 per cent) 
hatched. The average number of days from the time of oviposition 
to the appearance of the red ring was 2.507; maximum, 5 days; 
minimum, 2 days. The average time elapsing from the time of 
oviposition to the appearance of the black spot was 5.580 days; 
maximum, 7 days; minimum, 4 days. The average incubation 
period was 8.874 days; maximum, 10 days; minimum, 6 days. 
The results are given in Table VI. 
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Num- 
ber of 
eggs. 
Te fee ae 
2 1 
3 1 
4 11 
5 1 
6 10 
7 61 
8 80 
9 37 
10 165 
11 40 
12 108 
13 10 
14 504 
15 3l 
16 25 
17 65 
18 730 
19 20 
20 716 
21 46 
22 27 
23 725 
24 15 
25 | 1,040 
26 21 
27 344 
28 274 
29 19 
30 47 
31 9 
32 1 
33 153 
34 220 
35 169 
36 17 
37 21 
38 4 
39 326 
40 5 
41 414 
42 17 
43 123 
44 47 
45 9 
46 59 
47 2 
48 54 
49 64 
50 173 
51 22 
52 25 
53 129 
54 9 
55 15 
56 10 
On 38 
58 50 
59 6 
60 35 
61 11 
62 40 
63 7 
64 20 
65 20 
66 14 
67 1 
68 8 
69 2 
70 6 
71 3 
72 6 
73 4 
74 3 
75 1 
Average 
Maximum 
Minimum 


Appearance of— 


Red 
ring. 


Black 
spot. 


Incuba- 
tion 
period. 


Date— 
Depos- Red Black 
ited. ring. spot. Hatched. 
June 22 | June 26 | June 29 | July 
June 24 | June 27 |...do....|... doses: 
BECO Accu iatie acetate as aie July 2 
June 26} June 28| July 1]July 3 
AC] ORraeetils | Rete VER AN Le aaa July 4 
June 27 | June 29| July 2] July 3 
BCG Oeste aol ee eat alle rane July 4 
June 28; July 1] July 3 ]...do..... 
(0 (Otel ae on SOR Ae) ea Reo July 5 
June 29 | July 2] July 4 |--..do..... 
BOL Oeste eee oetavaal [ee trae July 6 
June 30] July 3] July 5 |...do..... 
Fe Ones | eee rel cece cee July 7 
July 1{ July 3/1] July 5 |]...do..... 
© 5 (OKa et ie ase, Nex aa asian os ae July 8 
EG Keya a | eer iy nn bene July 9 
July 2|July 4] July 6/ July 8 
BACON as, poet aee all EN Re: July 9 
BoC OSs scl ASE oeeahGs bawbao cake July 10 
July 3| July 5) July 7|...do....- 
EMO Solis ene neers | sere cisete ae July 11 
July 4} July 7/]| July 10 }...do..... 
NOD RE lion SE ey a) July 12 
UG: Las ys 208 AEN RAT July 13 
July 5} July 8} July 12 ]...do..... 
pels Ose aa erinn cs SSO eeeGose July 14 
July 61] July 10} July 13 |...do..... 
AOL Se sz [Aa ctee Seal one Sec July 15 
Pe COMO eh Seeley eo al sea tt AB July 16 
July 7] July 10} July 13] July 15 
Ut ON) i tals MeO a eae A aes i July 16 
OR ocanllacdaaapetallbeapeceade July 17 
July 8 | July 10} July 14] July 16 
SON SSE see Sees ee eee July 17 
July 91 July 11} July 15 |...do..... 
POO Bea anl See sce sacle sere See e July 18 
July 10 | July 12 | July 15 |...do..... 
Bs 0 OLE LOR Bee Cemne ete July 19 
July 11} July 13 | July 16 |...do.... 
Bs CLO cel Sane lel Sea eas pica ie July 20 
July 12} July 14 | July 18 |...do..... 
PCO SEINE SAE a ee al July 21 
July 13; July 15] July 19 | July 20 
Pee CORRES gale See Beret ss July 21 
CGV aot | RNa Paes naa July 22 
July 14} July 17 | July 20 |...do..... 
PAC OP ee | ey Siege ial RLS Ske July 23 
July 15 | July 17} July 21} July 22 
EKKO Gee LD Se Tate eens July 23 
July 16 | July 18} July 22 |...do..... 
GVO ll aera etenal melas nic July 24 
July 17 | July 22/ July 23 |...do..... 
Be CLO Weir iat rae a alm area July 25 
July 18 | July 22! July 23 |...do..... 
Pe aGloy, eel ema eee eee eee July 26 
July 19 | July 22] July 24 | July 25 
eat 0 KO)pie aera ere a ener July 26 
July 20 | July 23 | July 25 | July 27 
ECO K0 yap aes | ates teen | KAR rn July 28 
July 21 | July 24 | July 27 |...do..... 
BO mone | ea seers evel reper July 29 
July 22 | July 25] July 27 |...do..... 
EAE CLO ae is pee ep keel ee iy eRe July 30 
July 23 | July 26] July 29 |...do..... 
July 24 |...do....| July 30] July 31 
July 25] July 27 |...do..... Aug. 1 
eC OMY cll ere eA ale a eee Aug. 2 
July 26} July 28] Aug. 1 |...do..... 
Bo CUO Se alls as ariel eee Aug. 3 
July 27 | July 29| Aug. 2 |...do..... 
SAO KOVS  ea HS eae ee al Wee eg UR Aug. 4 
July 28 | July 30] Aug. 2 |...do..... 
July 29} July 31] Aug. 4] Aug. 5 
Ee Onset ee Seo se tenia aoe Aug. 6 
Aug. 1] Aug. 4] Aug. 7] Aug. 9 


Days. 


i ee or ied 


ee ed 


Se ee a i 


Days. 


TasLE VI.—Length of incubation of first brood of eggs, Winthrop, Me., 1913. 
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FIRST BRGOD OF LARVA. 


Time of hatching.—The earliest first-brood larve hatched July 1; 
the latest hatched August 9. Hence larve of the first brood were 
hatching for a period of over one month. The larve were hatching 
in large numbers from July 7 to July 15, reaching the maximum on 
July 13, at which time 1,055 larvee hatched. These macends appear 
in Table VI. 

Length of the feeding period of the transforming larvee.—Three 
methods for determining the feeding period of the first-brood larve 
were used: 

(A) Stock-jar method. The newly hatched larve were allowed to 
enter fruit known to be free from codling-moth infestation. This fruit 
was placed in cages similar to cage e (PI. I, fig. 1). As each larva 
left the fruit its number was recorded upon the cocooning rack 
directly beneath the cocoon made by the larva. Since the time of 
entering the fruit was known, the length of the feeding period was thus 
established. 

(B) Watered stock-jar method. ‘This method was similar to (A), 
except that twigs having two or three apples were placed for a period 
of two weeks in glass jars containing water. The apples were then 
pulled and kept under conditions identical with (A). 

(C) Bagged-fruit method. Newly hatched larve were placed on 
fruit growing on the tree and the fruit was then covered with per- 
forated paper bags. After a period of two weeks the fruit was re- 
moved to the laboratory and kept under conditions identical with (A). 

In 1913 the number of transforming larve reared at the laboratory 
was 3.8 per cent of the first brood. All larve which do not transform 
during the same season as hatched winter as larve and pupate the 
Follow: ing spring and are designated spring pupe. 

In Table VIi the length of the feeding period of the transforming 
larvee of the first brood (stock-jar method) is given. The average 
number of days of feeding (male and female larve) was 20.454; male 
larve, 22.333; female larve, 20.200; maximum feeding period, male, 
24 days; female, 24 days; minimum feeding period, male, 21 days; 
female, 17 days. 


TaBLE VII.—Length of feeding period of transforming larve of the first brood, stock-jar 
method, Winthrop, Me., 1913. 


ae Date of— | Ne ae | Date of— | 
Se agen Sone | eOOXs OL le) ay Story oes | = ie ann en POOxe Ola Di ayNcOn 
observa- | Hatch- | Leaving Jing. || Observa-| Hatch- | Leaving a. | feedi 
eioer: ine. eae larva. | feeding. | aaa fies ae larva. | feeding. 
July 6) July 30 3 24 7)| Salpty eee eee 24 
PA loli =<7/ |) diwllive PH lieeacesce 18 8 | July 10} July 30 20 
Su leulysa Calelulbyae 200 eee eee 19 | 9| July 10| July 31 21 
el ll (|edit, 2 lacascoe 20 10 | July 15} Aug. 3 19 
5 | July 7 | July 28 rh 21 11 | July 19} Aug. 5 Qo | 17 
6] July 7| July 29 é 2D, | 


E Average length of feeding period, male and female larve, 20.454 days; male, 22.333 days; female, 20.26 
ays. 
Maximum length of feeding period, male and female larve, 24 days; male, 24 days; female, 24 days. 
Minimum length of feeding period, male and female larve, 17 days; male, 21 days; female 17 days. 
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Table VIII gives a record of the feeding period of the transforming 
larvee of the first brood (watered stock-jar method). The average 
feeding period for male and female larve was 24.769 days; for male 
larvee, 23 days; female larvee, 25.142 days; maximum, male, 27 days; 
female, 31 days; minimum, male, 21 days; female, 20 days. 


TaBLE VIII.—Length of feeding period of transforming larve of the first brood, watered 
stock-jar method, Winthrop, Me., 1913. 


| Date of— | Date of— 
No. of || No. of r 
hres Sex of | Days of Sex of | Days of 
observa- : : observa- seni 
tim. | Hatch- | Leaving | rv. feeding. tion. Hatch- | Leaving | larva. | feeding. 
ing. fruit. | ing. fruit. 

AS Maree) Duuliy; 29 ot 22 Si analives VL eAnios: 3 Q 

2) July 7] July 30 oh 23 9| July 12] Aug. 2 3 

3| July 8] Aug. 2 Q 25 10 | July 12 | Aug. 3 3 

4|July 8| Aug. 3 Q 26 Ae Oly: 212) AMI es 7, Q 

yh | piu yg ob SialeeAvUl S20 2 Sy [yee 31 12! July 13 | Aug. 2 Q 

6| July 8] Aug. 8 Q 31 13 | July 16 | Aug. 10 Q 

7| July 10} Aug. 6 3 ay 


Average length of feeding period, male and female larve, 24.769 days; male, 23 days; female, 25.142 
ine length of feeding period, male and female larve, 31 days; male, 27 days; female, 31 days. 
Minimum length of feeding period, male and female larve, 20 days; male, 21 days; female, 20 days. 
As shown in Table IX, the feeding period of the transforming first- 
brood larve (bagged-fruit method) averaged for male and female 
25.818 days; for male larvee, 23.833 days; female larve, 29.250 days. 
The maximum. feeding period for male larve was 27 days; female, 34 
days. The minimum feeding period for male larve was 21 days; for 
female, 26 days. 
By reference to Table XIX, it will be noted that the average 
feeding period of the transforming larvze was 23.432 days. 


TABLE IX .—Length of feeding period of transforming larve of the first brood, bagged-fruit 
method, Winthrop, Me., 1913. 


Date of— | Date of— 

No. of No. of 

observa- reno payer || observa- as of pers of 
tion. Hatch- | Leaving ; ACPA ZO OM Seitoyals Hatch- | Leaving PANIES || SHORT Se 

ing. fruit. | ing. fruit. 

Lala a Amboy Si cw by Nees eee DAG eM athens Jaly onl Aug 8/68 g 34 
DEE sive July, 4) duly,/30)| 4o Dull See es Suly oc huly, cles | 24 
Shad okie July 4/ July 31 fe) 27 Qe sy eata July 7] July 31 rofl 24 
Aine July 4/ July 31 oh 27 LQ ape July 8 | July 30 Cee 22 
Dt esate July 4] Aug. 3 ie) 30 Te a ae July 10 | July 31 CR 21 
Gregan ene July 5 | July 30 dS 25 | | 


- Average length feeding period, male and female larve, 25.818 days; male, £3.833 days; female, 29.250 
ays. 
Maximum length feeding period, male and female larvee, 34 days; male, 27 days; female, 34 days. 
Minimum length feeding period, male and female larvee, 21 days; male, 21 days; female, 26 days. 


Length of the feeding period of wintering first-brood larv (stock-jar 
method).—Table X records the feeding period of 390 larve. As will 
be noted, the feeding period for all male and female larve averaged 
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25.925 days; maximum, 49 days; minimum, 16 days. The average 
feeding period for 140 male larve was 24.621 days; maximum, 46 
days; minimum, 16 days. The average for 207 female larve was 
26.371 days; maximum, 44 days; minimum, 19 days. Remainder 
of larvee—sex undetermined. 


TaBLeE X.—Length of feeding period of wintering larve of the first brood, stock-jar method, 
Winthrop, Me., 1913. 


[Figures in parentheses ( ) denote sex undetermined.] 


Length of feeding period in specifed Gays. 
~ | ~ 
a Date of H [ | 
Number of | : z 
Reh case entering 16 19 20 21 22 23 DAs 25 26 
individuals. | fruit. | | bas | 
| ; 
‘ SAP LSA QS [OTS OS SMe GS sta! Ra ae ae 
ete | 
: joer] | ae 
1 a, aaa uly geo: aa| 4252 ese eal oe ees Be eee aes | aoe OO Pen td (Stee | Aa Os e 
Gee et lefaly: °Gslooce| soos pie aoe eee [Eee ee ie Bei CE er) ee) SS oe |e ee mle 
ee ae Willy af joe: | | Sas feeeee ese ae We Ri or Wd Pee es 1D) ee nee: we 
fee ea Faby O38: |22.4| eas eee Peeca ee ie) i 5) i Wel kee a Ba as Ma Ul He (Dl Gea 
il Scenes TO LN ge eC | eRe eee Reed Reel eee Maegan cee Rees Tips beets iar on pea lige) san a wales 
SQEE Ss cat A! Falys 10) | 2853/5. =e Po) (ey il eect ae 2. 8[sfe.| P34 44/2 4u AP ae 
cee aes ily, sble| take [sees [ee | saee ios Lean peel Oe a OD a Par Pete 2 |. 1 |e heed 
7 ee ee eee Selly 12) /ee ss ee Ea fae: Cage eee 22 )c2 Sr| Se ea Pees Sea eon 
Pj we Peewee: Jealys (3c) 2h ‘ SFI ADs. cpl | se. elas ee ea be eat 
iste erly: 214s |< Soe eet re ea P| tee al eae i (Re fe e@ ee) 1 
Pe 57S Pebyged 5h |e | eee Ue fee el Pre Pa sel Ome pH ee eu) SCH RO SY ae 2 
Gees 2. Suly: 16s |0 S35 |e asa tera | aks) a Sees yi Bera meas Meee Fa Gees eel we Mega es ed a oe fase 
fGeees vos: a Che aan eo ek cl sal (ee le a tS) Mk i eS (SS ON Dt tae Cae 8 Siig | 
27 As Sen Sully 19;|22- "|= Pree pe 1S 8) Pe eea ea ee e pes aoe S52 
7) ea [eR 220g does aos pee et ee 7 le) FP (09) i PP es ey 
1 aa oe ee [duly 2b Ssk eee Pe es aed eee Eg ees ee | 32 PUT So | es eae 
ee eee hb yas o3s (Sees | eee Psy ER ie [SEN Fiat oc ieg EA es Re CEES ba Ba) Wal. ct) .ce | eek 
ooo eee * ul yes once ee ieee be | Rete, ewe SS RAR) tea ioe nie Sij-0e2 EE eee 2 
ees Tuly25 fe oes 2a ee eee RS ee ae does: ene ES opel aes eee eee Bes es 
2 eae ana Suly 326 lee see ees age ECG )) tei eat ew a a FAN i 98 U3 Cie See £3: 
ee Sea hithy 22 7u| Sse eae St Pen (ay HN PERS St er Dee 2) is Set nite | | oe pt ae a 
16552 oes oe Fuly G28 | 522 |2- 2 Ss Pepe ieee [eceaeees fo eee 1 24S 2 eee 
1B eee Sat Fuly =29 [22-2533 eae Peco | Rene: Yer eerie a 7 pee eel (ol OY i BY BY) ome ee I ou )-(C2 get 
0 fe ae ae July 30) {222-22 Per Hees ie [oes SS Se Ae ee ees fed ees ee ee 
Ti: a a July. 312522) 28: gs Cae aE sae Ee) cies eee baie ral cera af ormad < aes te eee pene 
Deh at hag ot |e ee WB 2 Wt REE (a ell ESI gk £9 Bd hd Boe ne da [e oAcie seeps 
Pe ee Tyree Wh eas Meee Saal Plas] (Sl SS ee Ti aS Re a aes | CD}: evelsces acivess 
feat eee rR: INS ES ee vee esa Pacrae da (RP Es [epee paca heel Lice eal AEE 8 Pd cl | 
Lees gaeens AIS ENGNG so-)eo2 Re is Oa) oral re Ee bere) Bee Sal seis al eae a) eee a Pee es EG) fee atl Bea xe) = Se 
1 Pe ee rey Aug Ci Bet ana Ge os ee te) bee me eee wt 4) peas 1) a8 Ais WC Rea) Poet Ch) pee [esos eee 
390 grand Qc.) 5. BE 3/11 6|16! 9/141 21| 151 20] 26! 28/151 16| 9 9 | 24 
Sex undetermined --.:_.]. ....2-: | ees eee 1 | eis! Woe za 5 8 cae ecoeeree 
Potalhas eee | 1 | 5 18 | 26 35 40 | 62 | 34 | 36 
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TaBLE X.—Length of feeding period of wintering larvx of the first brood, stock-jar method, 
Winthrop, Me., 1913—Continued. 


Length of feeding period in specified days. 
Date of 
Number of F ig 
individuals. | catering 27 28 29 30 31 32 33 34 35 
fruit. 
SH NSA EI ire) RF Mopar ON he HN | Coll alts Saal Goh li Qe ES 
Aes Me essparaia anothys eesal ee calaaae Ae Wee eeere a) several ae ape ralltao eels fe oreo seers | 
Seretsoceeeks Ube 104 ssa seca pees aera Ged Seca esa naea| seealosee sese Beas QIN tea 
Giese ences. dwihy WH lseoallecoclloesalleaae G5 Teste seral|e elec [Ee Sco Osaale Bs oe 
Spawn ke artes Duliys SSe eee Sy (2)y celle acta Seek eee ea 242 Bese Bara 
In See tees ait 8) AA NUGD NS ee Sale neolieeac|sodallac a seed seit ices leies Sees Heil eed 
OO ies cee eA MO esol eb eesalts aba Nab Ge eee aoe ac 1 ee 
WS esis sisteretee ret AOD ee eee alo koa ote accel ere 1 eS el etal es es lt sense eee ee Diane sss lib 
20 PS he a seas Sulivg Ze GL) ee ese eA se See eee SAlleeaol eee need eee efaereel ea 2) | -(1)|- 
TS esi ates Yili: WB ces Uh oGAsepodl seaciason! esac Dis GL 2s Ses SSL ee eal oa 73 eee 
1 eae ee FA ea Cole Sera (Abo Inceal Sted] Base Seal cio rial Eso) erie Mees eer litte acres ac stses| acenal ieee 
AMEN LS stents doh Wl) Noscllosadiibccaleseciocac 1 eee ise yes eee 1 alee Bebo ecicel ashe 1 
Ges5r Loe Dulye MGA ase aoe |etee eee eee a ee I sale ee Barge Fey Dae ad | te 
IG Sesser Sully) We les = [oes YG Ee?) Noga badolleaec PAS Pacer oes aioe eal Basseyed ener seal Pes ra fae Pe Ay ee 
DD ee tome Ply HUGE eee Nee aoe ee ea eg ee OU eal a tel [eee a Fy ar ees 1} (1). 
DSS sider: July 20 |..-- OTe We eeesey (aie oz Ee PAM RSID Gia eke res Pees epee ehete tetera) see CLE 
MS secre eines dhol PAL GD) GD ee sallecacllscealsocclacoul seaaloags Pelee A Slee Sa Ss eee eR ele See 
Lee Seon iene July 23 |.-.-. Sree Pahl eyes MN ala ee fgets (Peat eae ye PE ey |S aN aN ea 
1 eee ase Fe Oe ee ee eallonbollodcllocdc Me eSoalloace Dit A ine See aie a esis 1 |. 1 
WG s os sisters diwiliy; O45) | Gacalleaec eee: reeset ea AE ail Wiesel bes erst anil bod ee tea 5 Ce ee be (epee lee 
dl eaehek eee Sulys +260 Soes|ese ss. 25 Bee Apel eerel eee TW ae] ai Wit sal Cena ESS Re Se fae le 1 
Le SA July 27 }.. 1 Akt aoa pce doa been ece ilfape tel eae RRR ae BASES BoS| lateral noes she 
TGs ose eeess Duliyee28) | Seee| Sees plese [ose Di eal Sealey Daler. Tessa I essa Boe 
Se seep eee SUVs 29M ees eek eels sea see mes ae Se ees RE a ee a ese (Ba (apes Mee 
IQS eS oe DulyesOn eases phese Tih esers cal ad bell feseege | ses al ese ge sie peat es aaa | ete Fe 1 ese ee ai ee 
BC Bee a OG SulyeiSle Aes | Pee ese eee (Casey eal ee oy ol aleaca (GD) aaa ae Peal ese tee seal eae [eee 
Dina sre Matra PAT Seep Mai aac ae ws ee call Aes a Ne 3 1 LR Nea sega) (cs (GD eee Gs earl eae testy Be aera] BN ea 
Orel PAUL am Bias EDaN htt Rs ees PLO a a ar Uae SU shal eal cg fee id | eel [icp a 
z SRS UI es aoe: 2 Resco eeics lesesc acs) (ee tcal eve ea [eee eee A) [eae tesla eas (vil ea ec Reg Lal tee yada Pe 
ae ate iG Se US ees Os Secale Sale| arama cece Hees a Se alee a bee GL) al oe IGEN Sli eciea| easiest esl ecae 
ley Seree rete BASES Oy neaiall ee callie calle We dee ee eee eels be oe tea ‘ He Fel eaeirsea lee all Roemer ese 
390 g and 9... Seley LO Da LS | Qh Sa 2h par san a7 Bale Dalida 4: 12/ 0l 2 
Sex undetermined. ..... 3 4 1 1 2 2 1 3 
Toba: eke 16 30 11 16 13 7 8 12 5 
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TABLE X.—Length of feeding period of wintering larve of the first brood, stock-jar method, 
Winthrop, Me., 1913—Continued. 


Length of feeding period in specified days. 
= Date of 
Number of ee = 5 : 
ee entering 36 31 38 39 40 43 44 46 
individuals. aie | 
| | | | 
S| 04 ds) Oa.) id 1.24 3G 84 dy 2) al esl aaie 
i | | 
| | ea oe | | 
A eee UUW Gil boa g Rae Seed Bere Beeel pecolared boee honaleceopsc ea eae soles Eze. 
Bole ti aie ee neeene Huby wOuee. 228: spa ee El : ye EO a ee 
Dh RA eee rake ets dhol Pi liesoalpece é (1) : oS Baleae eee tes enes| We ee 
1S ee ee eee oihyee Salers s| eles ene : | eels a cei ie | 
10 eho aae eee eee ne Sublyeei Owes 3 |secleeee pete nice eee eh ale Bae ales Pntesellie = a3 
Se emer aries Sesame Shy LOPS 2. 22 alee Rees) (GS Gi ers anaes al ese gf ak eee eee oe 
1B Rae, See ree er ae Viel, Sib Geel eae (1) Re wlacaulasee [omelets eens Wee eS ct 
D5 ie owe) Uthy f2ulese (oso | ee fetes dalle ool eames ae Ig | oe. 
dS ars Seay Ses Uiblhie a8} ees asus Ss eal ee j . zee eS eo = teach | ten epee 
LGR ie aes pete ee Ula Sie eaters - Ess aal Jigs nosh [nica Rese eos gar 
AR eae ey cee ea oe July 15 by feb tia es Bd eel (Gea se ae oe 
Gaia eet eit SP ee eg Diy, 16.fe sso leeee [ea eR eee oe Hee Saale Sols Sicee 
UGieuroae Ora ciise sae Suubyie Wie e [eee eee [axsubede plese : PEA SEs ete Sana Ome se sae 
Dd eee meena uh et ae SUD YE SLi = See Se |e ee | eee Pee S ste Bales esos 
DRS 8 SOOM SEER Jiuliys 203) | See ees ars Seealssea enelisacs| aces enallacaa|oocs : Seas 
WOR Nose aio ke Se July 219) 355 See eral eee ee fa ABE ape Sena Bepalies a 
1a Ratan Gas Aes sulin PR ea collensa|baqalisces PS RAE ASM cise Sal SOAS aioe eH pees aoe 
TBS Sia ee a ao Fully 2240 [esas | San een oe Bi a Wie RAs : : 4 
UE 5 UGH eae aaa em Jialy 255| Shes e aie : Sgae ete emai eaee 5 
So See ee aa eaten July: <26ul ass ee | eee ey es (es Sa eee ale i 
LES = aes ele ea Gully 2 mesa oy feohagt |e [eh geo el ee om (eae | are 2 
HL Ocean en ee JSS oe itl yas 28a es ee ea fea [Stee eheteebes Boy hen ae teh er ae 1 3 
TIE} Ss SO Ae eae Tully 290 oe ee ae 1 eee eee ee ees | Eee 2 
leh ee reese tee Jalys SOM |e eee ee 1 aS eae fore E 1 
Pas CAINS SRE Jalyxc3s | Psa S| Ses | Sees ne pees eee are 
oleesunongHeoenTeseuc AN Seeger Be Reeleee a Maem acce loos | E 
3)= dadoban secometioaee Aug. 3 wee leeee Ser Sta Ee Mee Nese | 5 
DAS SB AS CAGED ae SAU Bie AS eee aioe | ee | ear | es sees lees = = 
I tara ee NR ate IRICE TG ees ae oo els ae oleae eseere Pe 3 
Se Soe eaR Eee ea Aug. 9 sez: See Oe heel Pca EA eee | 
BOO Sande. <2). 56 85 pee Oo) Helo iOs)) Sel 1Oyl tol aah 1On gle esos Ol leet) 0 | Wei eaete eae 
Sexcundetermined. =. 2225-24-82 1 ey st 2 Dee See iar lero han eseeese Baer Ghee 
HO Gallop eee or Bena eee | 2 4 | ea 2 1 i 1 1 
} l | J 


Average feeding period, 390 male and female larve, 25. 925 days; 140 male larvee, 24.621 days; 207 female 


larve, 26. 371 days. 
Maximum feeding period, 390 male and female larve, 49 days; 140 male larve, 46 days; 207 female 


larvae, 44 days. 
Minimum feeding period, 390 male.and female larve, 16 days; 140 male larve, 16 days; 207 female 


larvee, 19 days. 


Length of the feeding period of wintering first-brood larve (watered 
stock-jar method).—As shown in Table XI, the average feeding 
period of 260 male and female larve was 26.569 days; maximum, 41 
days;minimum, 19 days. The average for 111 male larvee was 26.315 
days; maximum, 40 days; minimum, 19 days. The average feeding 
period for 123 female larve was 26.463 days; maximum, 41 days; 
minimum, 20 days. Remainder of larve—sex undetermined. 
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Taste XI.—Length of feeding period of wintering larve of the first brood, watered stock- 
jar method, Winthrop, Me., 1913. 


[Figures in parentheses ( ) denote sex undetermined.]} 
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TaBLE XI.—Length of feeding period of wintering larve of the first brood, watered stock- 
jar method, Winthrop, Me., 19183—Continued. 
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Average length of feeding period, 260 male and female larve, 26.569 days; 111 male larve, 26.315 days; 
123 female larvee, 26.463 days. 3 

Maximum length of feeding period, 260 male and female larve, 41 days; 111 male larve, 40 days; 123 
female larve, 41 days. 

Minimum length of feeding period, 260 male and female larve, 19 days; 111 male larvee, 19 days; 123 
female larve, 20 days. 


Length of the feeding period of wintering first-brood larve (bagged- 
fruit method).—Table XII shows that the average feeding period of 
236 male and female larve was 32.572 days; maximum, 49 days; 
minimum, 19 days. The average for 93 male larve was 29.182 
days; maximum, 49 days; minimum, 24 days. The average for 126 
female larve was 35.492 days; maximum, 46 days; minimum, 19 
days. The sex of the remainder of the larvee was undetermined. 
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TaBLE XII.—Length of feeding period of wintering larvex of the first brood, bagged-fruit 
method, Winthrop, Me., 19138. 


[Figures in parentheses ( ) denote sex undetermined.] 
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_ Taste XII.—Length of feeding period of wintering larve of the first trood, bagged-fruit 
method, Winthrop, Me., 1913—-Continued. 


| Length of feeding period in specified days. 
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Average length of feeding period, 236 male and female larve, 32.572 days; 93 male larve, 29.182 days; 
126 female larve, 35.492 days. 

Maximum length of feeding period, 236 male and female larve, 49 days; 93 male larve, 49 days; 126 
female larve, 46 days. 

Minimum length of feeding period, 236 male and female larve, 19 days; 93 male larve, 24 days; 126 
female larve, 19 days. 


Tt will be noted that the larve which transform during the same 
season as hatched have, upon an average, a shorter feeding period 
than those which do not transform until the following spring. The 
average feeding period for 30 transforming larve of the first brood 
was 23.432 days; the average feeding period for 886 wintering larve 
of the first brood was 27.884 days. It will be further noted that m 
every instance, except one (Table VII), the average feeding period 
of the female larve was longer than that of the male. In the ex- 
ception cited the result is not considered conclusive, owing to the 
small number of observations. 

Larval life in the cocoon.—The time of making the cocoon is cal- 
culated from the time a transforming larva leaves the fruit until it 
has pupated. The average time consumed in constructing the 
cocoon was 6.566 days; maximum, 13 days; minimum, 2 days. (See 


Table XIII.) 
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Taste XIII.—Length of the pupal stage of the first brood, Winthrop, Me., 1913. 
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FIRST BROOD OF PUPA’ OR SUMMER PUPAL. 


elaine of | pupation.—The earliest pupation of the first-brood larve 
occurred July 30, the latest August 22. (See Table XIII and fig. 3.) 
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Fic. 3.—Diagram showing pupation of the first brood of the codling moth in 1913 at Winthrop, Me. 
(Original. ) 


Length of the pupal stage.—The average length of the first-brood 
pupal stage, as shown in Table XIII, was 15.066 days; maximum, 
19 days; minimum, 12 days. 


FIRST OR SUMMER BROOD OF MOTHS. 


Time of emergence.—¥irst-brood moth emergence commenced 
August 7, as shown in Table XIV. The last moth of the summer 
brood emerged September 6. As previously stated, the number of 
first-brood larve transforming in Maine is comparatively small, and 
hence the summer brood of moths is small. (See fig. 4.) 
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TABLE XIV.—Time of emergence of moths of the first or summer brood, Winthrop, Me., 


1913. 

Date of Total Date of Total 
emergence. | emergence. || emergence. | emergence. 
INDI 7 1 Aug. 23 q 

3 24 2 
iBt 1 25 1 
13 3 26 4 
16 eal 27 2 
17 5 3l 2 
18 2 Sept. 1 1 
19 2 6 1 
20 1 

36 | 


Time of oviposition.—The first eggs of the summer-brood moths 
were deposited August 15, the last were laid September 25. (See 
Table XV.) 
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Fig. 4.—Diagram showing emergence of the first brood of moths of the codling moth in 1913 at Winthrop, 
Me. (Original.) 


TaBLE XV.—Time of oviposition of the first or summer brood of moths, Winthrop, Me., 
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1 One moth escaped from cage No. 1, 2 from cage No. 2. 


LIFE HISTORY OF THE CODLING MOTH IN MAINE. 21 


TaBLE XV.—Time of oviposition of the first or summer brood of moths, Winthrop, Me., 
1918—Continued. 
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emerged. | P : emerged.| P ; 
Male. |Female. Male. |Female. 
| Aug.17 ify | cp SOAS Ta at Dee OF Septiy4ii-b ee ee Eggs... 2 1 
| 18 2 EN sles NO PN Dis [ers re ead | tok GOL ale ees eee 
19 PA lg pee we te peer alle Oe Ae 6 1 CLO ee ee ee a ROS Rae ae 
20 Tah be eae ese | (a eS 8 ey ees Te Re RE do eae 2 
CAIN ees se ge RS pte | [ep ie Si] eae Se ae C6 Co ah eae SN 
DER s ic Rail J OY SgeaS es | [ese ete | eee Aue LO aces spor a lees 2 GOES |e etre 2 
23 Zl Le a0 Woes Pe ea ee Ata 2h eeere Res |e GOL es seek 1 
24 Zivh sO RM Cees oes am 1 1 gee Dees ea Ih eee 1 1 
25 Tes SEC Ro eta lee dean ara Ges Sona aay ener a eA yok egy | (Si ey at 
26 API PASEO) S54] soak soe 1 PAN eens cpess Bc aerate es TBs Ree taaeicter 
27 Dike ODL Qatirra | Brera aise \ QO Ni Peer I Rafe ea hs | Ge | Sk Ree 
PAY | A hes ae lee GOs? Boe HSS Ses Aad ee S| Co GOe aac ele ae 
| 2A as eee Be GOs seer ees aes ZO cere eeeerlece Guess ILS Gerster 
| Wale sede soalsars ClO HSeH Bese 2 Diener ece reise leis aoe ware 1 1 
1 2 N55 Ase 2 i ZR oie tse ese liste sielemionnis DV esr asatenaeraye 
Sept. 1 1 .do.. i 2 
EN ecole GOvnes| Beas ae eae 27 10 15 
Diuleee cetera | eae ClO eee ooed le monoros 


Number of eggs per first-brood female moth.—This data was obtained 
by dividing the total number of second-brood eggs (1,013) by the total 
number of female moths kept in confinement. These figures show 
that the average number of eggs per female was 53.316. 


LENGTH OF LIFE CYCLE OF THE FIRST GENERATION. 


In view of the fact that three methods of taking codling-moth feed- 
ing records were used, it became necessary to give the life-cycle results 
in three separate tables—Tables XVI, XVII, and XVIII. These 
tables include the life cycle of the insect from the time of egg deposition 
to the emergence of the moth and, as recorded therein, the life cycle 
according to the stock-jar method was 47.818 days; watered stock-jar 
method, 53.500 days; bagged-fruit method, 54 days. The complete 
life cycle extends from the time of the deposition of the egg of one gen- 
eration to the deposition of the egg of the next generation. Hence, | 
in order to get the number of days for the complete life cycle the time 
elapsing from the emergence of the moth to the first oviposition— 
approximately 4 days—should be added to the above figures. 


_ 


22 BULLETIN 252, U. S. DEPARTMENT OF AGRICULTURE. 


TaBLE XVI.—Lye cycle of the first generation of the codling moth, as observed by rearing 
at Winthrop, Me., 1913, stock-jar feeding method. 


Date of— Days for— 
No. of | We 
obser- | | eae ee | 
va- mer- ak- 
: Egg dep- . Larva leay- | Pupa- | Hateh- Feed : Pupal| Life | 
tion 8 C&P" | Hatching. | | gence | ing of | 
| osition ing the fruit. tion. arearornel ing. a cocoon, period. cycle? i 
| 
1| June 30} July 6) July 30¢ ...) Aug. 7 | Aug. 22 6 24 8 15 53 
2) July. 5) Jilys see ulye25) es | July 30} Aug. li 6 18 5 12 41 
3s|a doe 2do:-482| Wuly: 26... 22 Feely 52 Sa Erey Te 6 19 4 15 44 
4|...do. do july 37-3 | Aug. 1] Aug 16 6 20 5 15 | 46. | 
| 5 40ldo. 2 ]ildo. 21 July 28 3 | Aug. 3] Aug. 17 Go ot 6) pate a 
| Gals. 0r eed one dtillye29) sat aoe Go: -EAlee aoe 6 22 3 14 47 
= TN do. "do. ...| July 31 Q-..| Aug. 6 | Aug. 19 G (ae oe Glenelg Haga 
| g|July 3] July 10| July 30 9...) Aug. 5] Aug. 20 7 20 6 15| 48 
Oe done ls=-d0-5 2] July 310-3) Auge Oy cA os823 7 21 9 14 51 
| 10} July 7 July 15 Aug.3 9...) Aug. 15 | Aug. 30 8 19 12 15 ‘4 
| 11] July 11 | July 19] Aug. 5 Q ..| Aug. 11] Aug. 26 8 17 6 15| 46 | 
PR CTAR Re Beaten Sern tbo saa oe SS ee ee 6. 545 (20.454 | 6.545 [14 272 |47. 818 
5 VESSOETT UTI Tee a M  o eat aa, ee UE 7 ot 8 24 12 15 54 
Mae 2 across alse Se ee ee Soe nee eee eee 6 17 A 12 41 


1 Add 4 days for complete life cycle. 


TaBLeE X VII.—Life cycle of the first generation of the codling moth, as observed by rearing 
at Winthrop, Me., 1913, watered stock-jar feeding method. 


| Date of— Days for— _ 
No. of 
obser- = = : | ae 
| Va- arva mer- s 
| tion. Egg dep- Hatching.| leaving Tue gence _ Bes Het ing of 
| ; s the fruit. of moth. 8: 8: | cocoon 
| 
| \ 
1 | July 1) July 7] July 292| Aug. 3) Aug. 17 6 22 5 
Ded Ob. Sed Ob el, SllyeS0 24] 2 2200 el Gd One 6 23 + 
3| July 2 | July 8 | Aug.33] Aug. 9| Aug. 23 6 26 6 
47152002... .|-=-00....| Aug-8: | Aug: 10,|"Aus. 26 6 31 2 
5 | July 3] July 10] Aug. 62] Aug. 13 | Aug. 31 7 27 7 
6| July 4] July 11} Aug. 33| Aug. 16] Sept. 1 7 23 13 
7 | July .5} July 12] Aug. 22; Aug. 9 | Aug.. 24 7 21 7 
Sead Ons] 52-0025. | Alle 324)) Aries 10>) satus 25 7 22 7 
On Eee dass .do....| Aug. 73 | Aug. 14 | Aug. 29 7 26 7 
10 July 8 ‘July 16 Aug. 103} Aug. 22 | Sept. 6 8 25 12 
Nae 22s Bee Sa SASSI A AANA SSeS SRO OOO AE 6.7 4.6 vs 
| Maxim ame sc sce es Ses eee Se eee eee 8 31 13 
| IM ETBELE TAB E CT Spe Rae a a ae eR NA IR AICI GOV BNI 6 21 | 


1 Add 4 days for complete life cycle. 2 Male. 3 Female. 
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TABLE X VITI.—Life cycle of the first generation of the codling moth, as observed by rearing 
at Winthrop, Me., 1913, bagged-frurt feeding method. 


Date of— | Days for— 
No. of 
as i E | Mak 
va- arva mer- ak- amis 
: Egg dep- cone : Pupa- Hatch-| Feed- | ; Pupal | Life 
tion. ®~ ' |Hatching.| leaving F gence F : ing of : 
osition. paleeratiratits tion. of moth. | 128: ing- cocoon. period. | cycle.! 
1| June 26| July 3) July 27 | July 30] Aug. 14 7 24 3 15] 49 
2| June 28 | July 4/| July 302] Aug. 9 | Aug. 26 6 26 10 17 59 
Shien Ose2 a4 sdOe. el iulysol2 eA Use e Silt Ade 27, 6 27 8 19 60 
AD ee GOBE Ee ea@ Onan se ed Osc.4 3 |p AUes Onl ATI p23 6 27 6 17 56 
Saleedoree a2 s:doeyas|) Aue. 3 WwAuie | 11 Aue. 26 6 30 8 15 59 
6 | June 29} July 5| July 303; Aug. 4] Aug. 17 6 25 5 13 49 
ia ea Ose | Se GOt eam Aton uD 2: ATT ON. (8) eA og 27) 6 28 6 19 59 
8 | July 1] July 7 | July 313); Aug. 4} Aug. 18 6 24 4 14 48 
| 9| July 3] July 10 |...do.3..| Aug. 5] Aug. 19 7 21 5 14 47 
| PAOLA Ole seca er sietcise atelear aoe a aimee eG ND an AC Ree ES 6.222 | 25.777 | 6.111 | 15. 888 54 
Maxam time semi misieiseereo pecs tact So MM es Ps alan 7 30 10 19 60 
IMETN TTDI See ecient ae ee UO ue e en 6 21 3 13 47 
1 Add 4 days for complete life cycle. 2 Male. 3 Female. 


As shown in Table XIX, which is a summary of Tables XVI, 
XVII, and XVIII, the average of the life cycles was 51.566 days. 
The complete life cycle would be about 55 to 56 days. 


-TasLE XIX.—Summary of the life cycle of the first generation of the codling moth, 
Winthrop, Me., 1913. 


a 
{ 


Days for— 
Number | Larval 
of obser- | feeding it x i 7 
vations. | method. | Hatch- . aking upa ife 
ing. Heeding. |of cocoon.| period. | cycle.} 
Average life cycle..........:... 11 A 6. 545 20. 454 6. 545 14. 272 47. 818 
DO ee ey ets reece 16 B 6. 700 24. 600 7. 060 15. 200 53. 500 
DDO ese en os TS ee ey Ie ea 9 C 6. 222 25. 777 6. 111 15. 888 54.000 
Average of all life cycles...-..-. 30 | A+B+C 6. 499 23. 432 6. 566 15. 066 51. 566 


1 Add 4 days for complete life cycle. 
A, stock-jar method; B, watered stock-jar method; C, bagged-fruit method. 


THE SECOND GENERATION. 


SECOND BROOD OF EGGS. 


Length of wmeubation.—Observations on the period of incubation 
extended from August 15, when the first eggs of the second brood 
were deposited, until October 15, when the last of the eggs of this 
brood hatched. A total of 1,013 eggs were laid, of which number 
972 (95.9 per cent) hatched. The average incubation period was 
11.862 days; maximum, 23 days; minimum, 7 days. The average 
time for the appearance of the red ring was 2.884 days; maximum, 
7 days; minimum, 1 day. The average time for the appearance of 
the black spot was 9.069 days; maximum, 18 days; minimum, 5 
days. The incubation observations are recorded in Table XX. 
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TABLE XX.—Length of incubation of second brood of eggs, Winthrop, Me., 1913. 


VETTE TNT TT pete paps eames O, Secchi Mats Dio ke fase tay 


Appearance of— 


Black Hatched. 


Date— 

No. of | Number 

obser- | “of eggs | 

vation. Depos- | Red 

ited. ring. spot. 

1 10 | Aug. 15 | Aug. 16 | Aug. 21 
2 28 | Aug. 16 | Aug. 17 | Aug. 22 
3 3 ICO} (Seec0 Kase ls Se ee eees| cer ere es 
4 15 | Aug. 17 | Aug. 19 | Aug. 24 
5 489) [Ic oes sas5 |S Secocueed|Ecenscssee 
6 17 | Aug. 18 | Aug. 20 | Aug. 25 
7 Si eoeC Osgnaa Ewadencaed) Semeasecee 
8 NOB ER ChOse ames ete 2S ol aes eee Aug. 
9 7 | Aug. 19 | Aug. 22 | Aug. 26 
10 73elhcca(0 10 Saee| See eee Rom ee es 
11 5 | Aug. 22 | Aug. 25 | Aug. 30 
12 86 5| PAU S=- 23) | Saeseeaeee SEO Rac 
13 3 lgsaGOS sna. Lee A | ee Se Ras Sept. 
14 26 | Aug. 24 | Aug. 27 | Sept. 1 
15 | Se |B dOses=- eee leaker erere 
16 1| Aug. 25 | Aug. 28 | Sept. 1 
17 33) [Ses @sa5ee eae aaa La BI 
18 16 | Aug. 26-| Aug. 29 | Sept. 1 
19 16 | Aug. 27 | Aug. 31 | Sept. 2 
20 Le SACK) Petal cece ore pels Soe See 
21 36 | Aug. 28} Aug. 31 | Sept. 3 
22 pal Nee 0 Co Seen eal ee eS ee eee ae 
FA? || Beet See eS eee Se ie 
24 5 | Aug. 30 | Sept. 2| Sept: 4 
25 28 |= dO 4S ash S2 | Ss ee 
26 A. G30 Osaeea| Sacto see al siete o eae 
27 61 | Aug. 31 | Sept. 3 Sept. 6 
28 O82. <COraass ee ae | A eS 
29 22 |e AO Seen Soe oe eee oe oeeee 
30 30'| Sept. 1) Sept. 3 | Sept. 8 
31 PDS PRR Se alae eee | eee ose 
32 2 a|eeadotes IE eSereras ya eines tec 
33 31 | Sept. 2 | Sept. 4 | Sept. 10° 
34 15UeeeGOnee- eee era ern ae 
35 As Seed Osee== [Seeee este eee ee 
36 109 | Sept. 3 | Sept. 6 | Sept. 15 
37 1Gs| S250 OCS Beare ee eee ee 
38 | Dae Otel es tek lees gt ce 
39 | Ath: aves [Soe overs eres ee 
40 24 | Sept. 4 | Sept. 7 | Sept. 17 
4] 74 NO KO ars es [= Fes a Se aE 
42 48 | Sept. 5 | Sept. 8 | Sept. 18 
43 | NOS | a0 OFse lore ne = ele ne Sere 
44 Dales One [eee ne Oe ee Ae ee 
45 6 | Sept. 6 | Sept i0| Sept. 22 
46 Deel ae One se eters oo | eae ea ees 
47 27 | Sept. 7 | Sept. 12 | Sept. 23 
48 3 leq SGLOEs S25 RE as aerate (ERS a 
49 32 | Sept. 8 | Sept. 13 | Sept. 26 
50 (Geeta aces sa ee ene 
51 8 | Sept. 10 | Sept. 17 | Sept. 28 
52 BF O. sasetiaen smc eee s Seite 
53 4) Sept. 12 | Sept. 18 | Sept. 29 | 
54 11 eos C0 Ko teres br leer ie ah eee | 
55 8 | Sept. 15 | Sept. 20 | Sept. 30 ! 
56 4 | Sept. 22 | Sept. 26| Oct. 6 
57 AG Rel he mets | ew Re la aa | 
58 | Zhe OOS. -Seperk SES ES | see 
59 | 6 | Sept. 251 Oct. 1| Oct. 10] 
BASVICT AL Cee AE ope foe espe a Eek pei ee he A, ts Dace tla PY ie 
Iile>. GUIDO heen & aie, SAAS 6 heels Ser eee Oe eee ee ee ae ees eo 


Incu- | Num- 
bation | ber 
Red | Black | period.| dead 
ring. spot 
a 
Days. | Days. | Days 
1 6 8 2 
1 6 Sue eee 
aS 2 Aes lt Ogee ae 
2 if Sal co ae San 
REA Bees EE & 9 | 14 
2 7 | Gil ere 
SoSscscos Iaveesses) LOMA 
Be ANE Bee LLaitigh, P| 
3 7 | LORE Rae | 
Fee e| = eee 11 1 | 
3 8 | 10 ee eee 
2 al QO) | Perecse ae 
SS aa: aneeiees | TOs eters 
3 8 | Ojeeeees. 
Se eee Is « ceRON Se BRRE ce 
3 ta bole Mee reset | 
Po MRE | NBN eh a Gite aa 
3 | 6 i geen | 
4 6 (EN Ae se 
rea aieey eee 8 5 
3 6 Mitacees 
BP RRS (Pe se 8 1 
3 5 | Tel aeeee | 
BMS oes tps Bed Pee Se Su Peis 
eats reek ys re Quiles 
3 6 Sule 
aay. Nah Cea es Wise 
Se ae | eee eee 10 1 
2 7 el Biss oe 
subs Ae OSE i)s ee a oe 
Seas |S aes 11 | 5 
2 8 | 1D ee ee 
Pig Serena | ee ee Soles eeee 
POOLS FENG S| Eames eee 14 2 
OH] teeta) 1g 5s | ioeee --| 
et Sitti ANE - oe Bee | 16. [cee eee 
SaaS Be | a ee Wie) ers Se ae 
ence te | Sinner Spel 18 | 3° 
3 13°| = 1 Sees 
eee wae Wane 872 19 hes 
3 13 Te cane | 
Ses et A aa ee 1S | See 
Bene es [Seite es Tor Pee ses 
4 | 16 Oho ose eae 
ie aeameye | eee ee ee AO S| ee 
5 16 AQ’ Eee eke 
Pel Sea Ree do as 8 PD) ad 
5 | 18 21s 5 eu 
PaaS bet GR he 22 5 
7 18 227 hse 
Si SEE ty Pern ee ee DON ere 
6 17 1a eee 
yp oe yl al 2D Waperne ee 
5 15 195) Se es 
4 14 16+) <a 
Be ean tiel Seanaaeue 1 See Ss 
Ce. ee ee US") esses 
6 15 PAS Bee | 
2. 884 2069 2 | 41 | 
7 18 Calter eee a 
1 5 (BN eee, SSE 
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SECOND BROOD OF LARVA. 


Time of hatching.—By reference to Table XX it will be noted that 
second-brood codling-moth eggs were hatching from August 23 to 
October 15. Hence the larve were hatching over a period of nearly 
two months. ; 

Length of feeding period.—Observations on the feeding period of 
the second-brood larve are given in Table XXI. Although hatching 
continued until October 15, none of the larve which entered the fruit 
later than September 11 matured. The first of the second-brood 
larve left the fruit September 25, the last November 21. The aver- 
age feeding period for all larvee was 49.160 days; maximum, 77 days; 
minimum, 31 days. The average feeding period for 47 male larve 
was 46.659 days; maximum, 77 days; minimum, 31 days. The 
average feeding period for 57 female larvee was 50.245 days; maxti- 
mum, 72 days; minimum, 33 days. It will again be noted that the 
feeding period of female larve is longer than that of the male. 


Taste XXI.—Length of feeding pertod of second-brood larvx, stock-jar method, Winthrop, 
: Me., 1913. 


[Figures in parentheses ( ) denote sex undetermined. ] 


Length of feeding period in specified days. 


Number! Date of 
of indi- | entering 31 33 | 34 36. 37 38 39 40 Alin 3 
viduals. | fruit. ( 
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TaBLE X XI.—Length of feeding period of second-brood larve, stock-jar method, Winthrop, 
Me., 1913—Continued. 


en 


Length of feeding period in specified days. 


| 
| 
' Number Date of | 
| of indi- | entering | 42 43 44 45 46 47 48 | 49 50 
viduals.) 9 frit oes ein dees eee | | 
| Pf slices | PES Ni CP ON Near NN SO | cof IO ep Qe lace |S 
| 
f Sy |PAug 25d erm clean |e cer Peas eee IG EEE AScelisace | belle ey Be SSE5| Se aa 
Sul Ag 24a eee ee coc eal anc [eeeiall cece ene aces Pe aleoee Sales Bey Some | a eee 
Oy) aN, 55 es aollec U1 fea Ls el eg 2 1 Fs (ee | hoe eee ee é ibe: ES esl ya Eo 
fa PAUP eo OMe eee cect csc 2 a ool eeae| eomen|eaeee Wil aa Soe |eoee aS eee joe leoes 
8 | Aug. 27 |....| Sail eal ase alla ae |e Sele S EER ERee sate) ate BA ake: ame ba 
10 | Aug. 28 |....| (Ie Seebel eoalel Tals iia fice, oO NOE eee Ns tel ee | ee 
Sule eZ Ona ee! ees) iced eae arte er ae Sore allaect 5 19) ee alec eee nial te ea BES ee | 
AN PATS SON erp ei Saat lee | acitegote Sarai seta] Bees [ores eekialasiac | oeterell Sees 1 Ea Ss ee | 
AY) | ste IL |) ee elleene esenihas Fe ae 4 |lnescee late Wo eyeeees| Pe lee Me 8 = 2 | 
; ASMEScptemoe as Wee ll) lal ce hon Vil eeaes 1 Rees gfe PRR J eee lige LES 2 
| PHESCDES vous. «set oelic bee salle [ree Vow [eabrellsoheleaee Seale hile 24\ca SES 
AU RSep te cae ss |. 22) oo: Feel eesall® est 1 | SE eSlEe ee 1 eee Date | seal eaten See leer 
2 Sept. Soll esol CEs assess | Scesclleeeesle eocleenn|----]-e-- faapolSSoollonsolisosa-so6q)|S654|6soc|i6555 
C59] PESTS OC, a pe Peete Se ee [ees areal ea eb eed lero EAS ecrre| Gores Peace Meee Peet yas 
5 SOs) ecoc\loase lise eiltorcte| SS Eteaseetel io seal alts | Pie ora lier eta ee evel Seaelemee Label So Se Aas eaee 
| BB NOSES OL aL) | em pee ene feet eos ye alcen a ee teal ee neon aes | Sulesiacabeaeteee Lea | 
PRaSepte Ika ¥/ 2) 5c et ale ae [seas teceaalh Gal eee |. ASE SO Sie x: See Paes | Se ee 
| 106 gandQ.| 1! of 3! 2/ 5) 1/ 2l aj ol s| 211] 113] ala} ola 
Sex undetermined.|........ legssen2aeenaans | Us Ss Be || as eae | Reto ae Sore 
Mopale 2: ese ee Set oe | 5 Peis e RES) | 4 
| Z | 
| Length of feeding period in specified days 
_Number| Date of | : | 
| of indi- | entering SIA. 02 53 54 55 BOF G4) 1258 61 62 
; viduals.) fruit. | | | | 
: | | | 
s|ejele|slelelela/elelele|e/ele/afe 
Lb Se | | fe TLE We 
| | (seat aer| 
| By) Sy Wehr ah es oleae neal sce a Bic (Soe neta eae are Bene Beal pea Sesh Sane asad Saoclseos 
} BU Pu Wola Oy ell ee Sollases| | soeclinollosaa aeonleasolgane as A Eee [ ete ais | oye ara Gee | Cee eters oes 
Qs | At O58 | evil [eee ees eee [teks eee eines means (Pee eis te ke BANE pene let Se 
iA) CET O18 || sees lesa ehaelfe penile alee eh la sae|EC = [SRsceAl gs |e ecole | er ea Bete Eee (eS 
Sul Ate D7al sae oe at fate (et Pee 2 ee oy |e ei ee bets ese Steere 
| LOW BAU Se 258 Eeee leet lesen lenae bes 5| eee ollagcicl rocks Nessie ss 2s es hess) be oi alte ace eos ESee 
Bil PAU MODERN crea OIE ete o fee eal ela ee pie al ite a vem ace lf oe oo Nin Sa 
| (al Arne 30.12 ee] eet A et ee ase eg Bae ; Se pe eet hee lens hlfesess (aS 
b 20; |e. .: Lass on imeeies ered Essie at SDH RION| vac ale a 7 ie tal gees at ace Slicmece| a Se 
i 13 | Sept..223|2520 |. 222 (s2-0|25 = | Syl <2e it alse IE See 2s eae oo ale foc feos age eee 
’ CAMS) Oe 8) || Sees| ana” Jecien| SEBS a Sites (Bera sea |sehedel ses Sts Ae ea Seaeeocleee sea 
11 | Sept. 4 |. i Bas MP |S es sah (eet eel aay heres Ta aad eae Spe Base 
H 2 Sept. 5 | BIA oon aoa apis ad (ed a ee ee) Re ee ee ee teeta See Sao) Sec 
BilnSept <6) Go o8|. cole 11) | Zee) Gah | paren ail alas i [aia sai Sees ea ey 1 
j 5 | Sept. 8. fel epee ere 8 Pera ee 2 eed rae a= ere ta eerie eer leseesrs ogra ve | ecrttee erases et ctote 
f 2 Septen:9)\2 528 |soec| 52 (Seek | Seen seal a ee aaa RA ean Bere \o2 ce ceree le oe cee ec acaleaes 
pouieSept- Ieee |ses i) 52 Slee Pec hes ae ete Fe Rae re Reet hee cerca ole 
| 106) and 9 ./So}=3 |-a'|-1 | oe) ph mo% ly las > lta ston ah pean wont 
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TaBLE XXI1.—Length of feeding period of second-brood larvx, stock-jar method, Winthrop, 
Me., 1913—Continued. 


Length of feeding period in specified days. 
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Average length of feeding period, 106 male and female larve, 49.160 days; 47 male larvee, 46.659 days; 
57 female larve, 50.245 days. 

Maximum length of feeding period, 106 male and female larve, 77 days; 47 male larvee, 77 days; 57 
female larve, 72 days. 

Minimum length of feeding period, 106 male and female larve, 31 days; 47 male larve, 31 days; 57 
female larve, 33 days. 


BAND RECORD EXPERIMENT, 1913-14. 


As previously stated, the collecting of codling-moth larve from 
banded trees serves as a basis for comparison of the larve living 
under natural conditions with those reared under laboratory condi- 
tions. As shown in Table XXII, the first larve left the fruit of the 
banded trees July 21, while the last were collected October 13. The 
first of the larvee reared at the insectary left the fruit July 25. 

Out of a total of 1,012 larvee collected from the bands, but 8 larve 
(less than 1 per cent) transformed during 1913. One parasite 
(Ascogaster carpocapseé Vier.) emerged in 1913. 

Owing to the exceptionally severe winter of 1913-14 the mortality 
of the wintering larve was very high. It was computed that 81.52 
per cent of the larvee were killed, due to the low temperatures. : 

In the spring of 1914, 82 moths and 96 parasites emerged. The 
parasites were all of the species Ascogaster carpocapsx Vier. 

The well known codling-moth enemy Tenebroides corticalis Melsh. 
was frequently found attacking the larvee beneath the bands. 
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TasLe XXII.—Band record experiment, Winthrop, Me., 1913-14. 


J 
“ . eee 
= Number | Number |} Number | Number| Total 
| No. of Daisies Nunes of of para- of of para- | number 
| record. ine | tarve. | moths, | sites, | moths, | sites, dead 
g. ou ONS s =| g1OISs 1914. 1914. | larvee. 
| | 
| | | 
1 ehuly 2k 2 eh Wale Sheard We Une RG Ome SS Ek 5 0 
| 2 | July 24 3 Cyr ae aes Ba es Ine tr 0 
| 3 aay 27 4 2 ME See ee a Ae AS aie 1 
1 4 | July 30 5) LoS argc ee Sel orectose ie seems ss 
| 5 | Aug. 2 1D Besser sae eecstee 1 eet ote Apa | 10 
| 6 | Aug. 5 BE a hee eal ot Oak ee 1 4 
CNUs S A Paes oesciste [ascii aos 2 2 0 
8 | Aug. 11 biel Peete ieee he, ert 2 2 11 
9 | Aug. 14 Sa Perea! Hes EES 2 4 19 
10 | Aug. 17 WO |Sbactécacdllcéceesuse 3 5 38 
11 | Aug. 20 G2 Ss hte SOE eee 8 10 74 
12 | Aug. 23 TOD ho ec eee eee 6 13 83 
13 | Aug. 26 ily Nssecseccssllodoéccasce 1 14 55 
14 | Aug. 29 Using Reeerecaes Scicoscenoc 5 8 65 
ISS || Stet eil ee (|lsecctocess|cesdesoobe 3 8 85 
16 | Sept. 4 1 DA as (Gene S| aT Rene ae 5 11 107 
Bie | Seta t UG |\|spapcacsas|pa5scecsac 6 7 64 
18 | Sept. 10 MLS |isseccoseasiseoscocess 7 5 39 
19 | Sept. 13 SOU Petasteoe sere Soeciciaces 10 1 27 
20 | Sept. 16 Mule sascosecs|bucosceace =) 4 17 
21 | Sept. 19 De Nee oe see cerenee eso 4 1 22 
22 | Sept. 22 lis ia| BOSoh eens 5 SSE ose n ae 2 0 il 
23 | Sept. 25 Bil) Skate eesaalesaoceseoe Died Persacceiet 28 
24 | Sept. 28 1a eS eS eee Ss Bi sceeerces 10 
25 | OGts oat DON Samana torn eater Pile ee cee eas 20 
26 | Oct. 4 71) ie aie a Ae a a See Tig Seca 9 
27 Oct, TEI ae hale aera (eins A EY la seecreeencrs 10 
28° 1-Oct. 10 Qa ctersience le eeeceacise lace cee 8 
29 Oct. 13 6 [pespeocs ss] peeassc8e: Os Reeser eee 6 | 
| | 
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Parasites, A scogaster carpocapse Vier. 


SEASONAL-HISTORY STUDIES OF 1914. 


The life-history studies of the codling moth which were com- 
menced in 1913 were continued during the season of 1914. Although 
the notes secured in 1913 were complete in themselves, it was con- 
sidered desirable to extend the observations over a period of at least 
two seasons, in order to note any differences in the behavior of the 
insect due to climatic variations. All of the explanations and 
descriptions of the methods used in the studies of 1913 are applicable 
to the investigations of 1914. 


SOURCE OF REARING MATERIAL. 


The overwintering larve consisted of the larvz which were reared 
under laboratory conditions and the larve collected from the banded 
trees, as well as miscellaneous larve which were secured from wormy 
apples. The miscellaneous larve passed the winter in corrugated 
paper strips, while the remainder of the larve wintered in the 
‘“‘cocoon racks.” The larve were kept under normal outdoor 
conditions throughout the winter. 
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WINTER-KILLED LARVAE. 


Owing to the low temperatures during the winter of 1913-14 a 
high mortality of the codling-moth larve occurred. The number of 
larve from the banded trees killed by the winter temperatures is 
estimated at 81.52 per cent. The number of winter-killed larve 
which had been reared under laboratory conditions was 86.61 per 
cent. The United States Weather Bureau, Climatological Report 
for the New England section, January, 1914, makes special mention 
of the cold wave on January 13 and 14. This report states that “‘at 
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Fig. 5.—Diagram showing pupation of the spring brood of the codling moth in 1914 at Winthrop, Me. 
(Original. ) 


many stations of long record all previous minimum temperatures 
were exceeded on these dates.”’ 


SPRING BROOD OF PUP. 


Time of pupation.—tThe first of the spring-brood larve pupated 
May 20, the last July 6. (See fig. 5.) Maximum pupation occurred 
on June 12, when 20 larve pupated. In the preceding year the 
maximum pupation took place on June 6. (See Table XXIII for 
the time of pupation.) 


TaBLeE XXIII.—Time of pupation of overwintering larve, Winthrop, Me., 1914. 


Date of | Date of hee 
Number | ; Number Number 
pupa- | of pupe. || PUPA | of pupe.|| PUP® * of pupae. | pupa- | of pupe. 


| 


tion. tion. 


May 20 1 || June 3 8 || June 13 18 | June 23 6 
May 25 1| June 4 3 || June 14 14 || June 24 6 
May 26 1 || June 6 2 || June 15 4 || June 25 10 
May 28 1 || June 7 9 || June 16 4 || June 26 1 
May 29 4 || June 8 4 || June 17 3 || June 28 4 
May 30 3 || June 9 6 || June 18 5 || July 1 1 
May 31 3 || June 10 15 || June 20 2|| July 5 1 
June 1 1 || June 11 16 |} June 21 4|| July 6 2 
June 2 3 || June 12 20 || June 22 11 | 


Total. . 197 
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Length of the pupal stage.—In Table XXIV the length of the pupal 
stage of 196 spring-brood pupe is given. The average length of the 
pupal stage was 22.581 days; maximum, 44 days; minimum, 11 days. 


TaBLE XXIV.—Length of pupal stage of spring-brood pupx, Winthrop, Me., 1914. 


Num- Length of pupal stage in specified days. 
ber of 
indi- 

viduals. 


14] 15 26 30 


| 


16 18/19|2 31 


es es ee ee 


TD He OD WOO WE OW He RE Re et 


— 


| 1 | 9 lat 24. 


| 13 135 40 | 


Average length of the pupal stage, 22.581 days. 
Maximum length of the pupal stage, 44 days. 
Minimum length of the pupal stage, 11 days. 


SPRING BROOD OF MOTHS. 


Time of emergence of moths—In Table XXV is shown the emer- 
gence record of 210 spring-brood moths. On June 14 moth emergence 
commenced and continued until July 19. The maximum emergence 
occurred July 7, on which date 28 moths appeared. In 1913 the time 
of moth emergence extended from June 18 to July 20. In 1914 the 
_ date of full bloom (Baldwin) was the same as in 1913, namely, 

May 28. 
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TABLE XX V.—Time of emergence of moths of spring brood, Winthrop, Me., 1914. (See 
Sig. 6.) 


Date. Total. Date. Total. || Date. Total. 
June 14 TL Maso) eal 2 || July 13 12 
June 18 2|\| July 3 12 || July 14 9 
June 21 3 || July 4 10 || July 15 8 
June 22 3 || July 5 TS yeaaly: = 16 3 
June 23 2\|July 6 17 || July 17 6 
June 24 7 || July 7 28 || July 18 i 
June 25 3) || daly; 728 15 || July 19 2 
June 26 7 July 9 5 

June 27 6 || July 10 3 210 
June 28 6 || July 11 7 

June 30 5 || July 12 12 | 

} | 


Time of egg deposition.—The time of egg deposition by moths of 
the spring brood extended from June 24 to August 5. The average 
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Fic. 6.—Diagram showing emergence of the spring brood of moths of the codling moth in 1914 at Win- 
throp, Me. (Original.) 


number of days from the time of the emergence of moth to first ovi- 
position was 3.272 days; maximum, 7 days; minimum, 2 days. The 
average number of days of oviposition was 13.636; maximum, 23 
days; minimum, 7 days. The average number of days from the time 
of the emergence of the moth to the end of oviposition was 16 days; 
maximum, 24 days; minimum, 9 days. (See Table XXVI.) 
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TaBLE XXVI.—Q2viposition by moths of spring brood in rearing cages. Winthrop, Me., 


1914. 
Sex. Date of— Number of days— 
Ne 5 From 
Cage. | bero - ura- emer- 
moths.| 9 oh Emer- eee ee oe tion of | gence to 
pence tion tion tion CADIS | Snel 
c : oe ah tion. oviposi- 
; tion. 
| 1 fJune 14 | 
iq { 2 \ 1 (rune 18 \Tune 25}5| OU C $208) 32 sok eee Ae ee eee feces cee 
2 3 aa 2| June 21 | June 24] July 1 3 8 | 11 
3 June 22 | 
2 | June 23 | 
13 | 6 4 HO iierars OA fol cae Hi od hye a eS Se Ses ey ee te lle Raw a 
| 3 June 25 
| 7 June 26 
14 | 6 6 13) ;June 27 ily, 9) 40 | al ye Sefoeeee ee Eee eet | tee ee 
il 6 June 28 || 
15 { Sipe | ~ Byars oy |Wuly. -5-PSaly- 164-2 ee 
6 12 6 6| July 3 | July July 14 5 7 11 
7 10 3 7| July 4/1] July 11} July 20 di 10 | 16 
8 13 7 6| July 5] July 8 ]|...do 3 1833] 15 
9 IG 6 11 | July 6 do. July 30 2 23 24 
10 28 13 15u |e Sulyge te ||) Dulys -9))|.2 Go 2 22 | 23 
11 14 7 7 | July 8} July 11 | July 25 3 15 | 17 
. & July 9 | 
112 { \ Dynal {ay ED uly pid \Suly 16, sg eee oe 
13 7 4 3 | July 11 !...do....| July 20 3 7 | 9 
14 12 5 7| July 12] July 15 | July 25 3 1 13 
15 9 4 5 |. July 14} July 17 | Aug. 3 3 18 20 
8 July 15 
3 July 16 
116 6 | 9 TOE Rabo Re aie abu? IRS ED GEO Se ese Soe lac Sooscemal>ecocgsoeer 
1 July 18 
2 July 19 
17 12 | 7 5 | July 13] July 15 | July 30 2 | 16 17 
Number of male moths. ...---- 88 | Average.....------ 3. 272 13. 636 16 
Number of female moths. ....- L207 |p Maximus. eee ih 23 24 
Total number of moths ...--_-- 208 | Minimum. ....--.-- 2 7 | 9 
Total number of eggs........-- 2,907 


~1Not used in the averages. 


Number of eggs per female.—As recorded in Table X XVI, 120 female 
moths confined in cages with male moths deposited a total of 2,907 
eggs. From these data the average number of eggs per female was. 
found to be 24.225. 

Length of life of moths —In Table X XVII will be found the length 
of the life of 72 male and 66 female moths of the spring brood. The 
average life of the male moth was 13.708 days; of the female, 13.621 
days. The maximum life of the male moth was 32 days; of the fe- 
male, 28 days. The minimum life of the male moth was 2 days; of 
the female, 1 day. 
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TABLE XX VII.—Length of life of male and female moths of spring brood in captivity. 
Summary of records of 138 individual moths, Winthrop, Me., 1914. 


Male. Female. Male. Female. 
Length | Number] Length | Number |} Length | Number | Length | Number 
of life. |ofmoths.| of life. |ofmoths.|| oflife. |ofmoths.| oflife. | of moths. 
Days. Days. Days. Days. 
2 1 1 2 17 6 17 4 
3 1 5 1 18 3 18 4 
6 3 6 6 19 5 20 2, 
u 3 Uf 2 20 3 21 2 
8 1 8 3 21 1 22 2 
9 9 9 2 22 1 24 1 
10 Uf 10 4 23 1 25 1 
11 3 11 2 24 1 27 1 
12 5 12 3 27 1 28 2 
13 5 13 10 32 1 
14 4 14 a 
15 2, 15 4 72 66 
16 5 16 1 


Average length of life of male moths, 13.708 days; female moths, 13.621 days. 
Maximum length of life of male moths, 32 days; female moths, 28 days. 
Minimum length of life of male moths, 2 days; female moths, 1 day. 


THE FIRST GENERATION. 


FIRST BROOD OF EGGS. 


Length of incubation.—Observations of the embryological changes 
and incubation periods of 2,672 eggs are recorded in Table XXVIII. 
Of this number, 2,633 (98.54 per cent) hatched. The average number 
of days from the time of oviposition to the appearance of the red 
ring was 2.599; maximum, 5 days; minimum, 2 days. The average 
number of days from the time of oviposition to the appearance of the 
black spot was 6.139; maximum, 10 days; minimum, 5 days. The 
average incubation period was 7.797 days; maximum, 13 days; mini- 
mum, 6 days. 
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TABLE XXVIII.—Length of incubation of first-brood eggs, Winthrop, Me., 1914. 


No. of Num- 
| observa- ber of 
1 tion. eggs 
1 | 4 
2 3 
3 15 
4 | 4 
Ot 2 
6 | 43 
7 i 
8 | 18 
9 | 2 
10 | 6 
| 11 2 
12 92 
13 22 
14 29 
15 12 
16 132 
17 84 
18 | 19 
19 a) 
20 115 
21 Pi 
22 102 
23 20 
24 | 110 
25 160 
26 21 
Zt 101 
28 | 17 
29 106 
30 12 
31 | 70 
32 60 
33 142 
34 27 
35 187 
36 52 
37 42 
i 38 90 
39 17 
40 - 12 
4i 63 
42 28 
43 33 
44 9 
| A5 38 
46 17 
47 16 
| 48 6 
49 5Y/ 
50 | 9 
| 51 | 106 
52 } 70 
53 13 
oA | 16 | 
5d | 1 
56 | 15 
57 | 7 
53 |. 16 
| 59 | 12 
60 | 89 
| 61 23 
62 9 
63 18 
64 5 
| 65 | 1 
Average 
Maximum 
Minimum 


July 6. 


The last of the larvee hatched August 12. 


Date— 
Depos- Red Black 
ited. ~ ring. spot. 
June 24| June 27!| July 4 
June 25 | June 28 |-..do...- 
5 OSE ey. eee woe eta su 
June 26 | June 30 | July 5 
June 27 | July. 2) July 7 
yee 1 | July 4) July 8 
Ee OS re | ae ee 
July. esi uly 5) |) July 9 
ee MONecs eRe eee aes a ee ee 
sey 4 | July 6/|July 1 
EPA OO OSes ce eae (rea ee 
July 5 | July 7| July 12 
BAROLO Seren | see a eA A apy a Sete 
July 6 | July 8 | July 13 
SHO ORAS BE loeens xcrererctal Gao ats 
guy 8; July 11} July 14 
BE (1. NEE aes | es Sree ee pene 
auly, 9| July 12} July 15 
Pe Oseone SSeS on a eS 
july 10 | July 13 | July 16 
FAC Os: 7a ome Sell eee: 
vay 11 | July 13 | July 16 
No Ko eens Gees sae ee SN 
July 12} July 14 | july 17 
eOLiess |... yee Sa2¥ od se gaaee 
== Oe | EXER eens eer Bea ters eae 
july 13 | July 15 | July 18 | 
2205.2 yl eesk a eal es eee 
daly 14 | July 16 | July 20 
Be ONe Joes ess bette | Seem eu Ses 
| July 15 | July 17 | July 21 | 
[ed okeers [Sere een | eee ew 2 
vuly 16 | July 18 | Juiy 22 | 
SaGOS-e2— peer sts Nes 30 | 4 oes Semone | 
jay 17 | July 20 | July 23 | 
Sa CLOL St ieee cate Watetrerantys cee 
July 18 | July 21 | July 24 
ee Olas Bees Beer 
uy 19 | July 22 | Juiy 25 
302k poe Se ote hens 
suly 20 | July 23 | July 26 | 
SAO S| oes | Se ee 
July 21} July 24 | July 28 | 
EAC OMe Sea ee ee | ye ae | 
july 22 | July 25} July 29-). 
DE Oo S| Carne oe al een eee | 
July 23} July 26 | July 30 i 
PEG Kos oo | nee irs i ee ahs 
July 24; July 27 | Juiy 31) 
AG (Oe eh Oe oa hapa es 
July 25 | July 28 | Aug. 1 | 
AGES Se | ees ee eee | etme sete 
July 26 | July 29} Aug. 3 | 
adowen: [eatery ee | eee eee 
July 27 | July 30 | Aug. 3 
RO See Se cent | espl Aieecen ens 
July 28} July 31] Aug. 4'| 
ESL Oe eee ae ne | Xe rece eal 
July 30| Aug. 3] Aug. 6] 
JOOS Ses eas epee | ocean oe 
July 31} Aug. 4; Aug. 7 
NURS) TE aC oe ee | Aug. 8 
NU Sead PAN ee One ATES 6.9) 
Aug. 3 J NT bFeeea 0) eae oye eae 
Aug. 5] Aug. 8} Aug. 11 
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FIRST BROOD OF LARVE. 
Time of hatching.—The first-brood larve commenced to hatch 


Hatching, there- 


fore, extended for a period of shghtly over one month. The maxi- 
mum number of larve hatched July 24. 


(See Table XXVIII.) 
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Length of the feeding period of the transforming larve.—During the 
season of 1914 two methods, namely, the stock-jar and bagged- 
fruit methods, were used for determining the feeding period of the 
first-brood larvee. These methods are described on page 10. 

As in 1913, only a very small number of the first-brood larve 
transformed to first-brood moths. Out of a total of 845 larvee reared 
at the laboratory 12 (1.4 per cent) transformed. 

In Table XXIX is given the length of the feeding period of the 
transforming larvee of the first brood (stock-jar method). The aver- 
age length of the feeding period for male and female larvee was 19.666 
days; maximum, 21 days; minimum, 17 days. Average for male lar- 
ve, 21 days; maximum, 21 days; mmimum, 21 days. Average for 
female larve, 19.285 days; maximum, 21 days; minimum, 17 days. 


TABLE XXIX.—Length of feeding period of transforming larvx of the first brood, stock- 
jar method, Winthrop, Me., 1914. 


| | Date of— | 


No. of | ine 
observa- Sex. tee 
tion. | Hatch- | Leaving 8. 
ing. fruit. 
1 | July 6) July 24 Q 18 
2 dose July 27 3b 21 
Sue uly re) | Saad Oma Q 19 
4 -do.. July 28 Q 20 
5 .do.. July 29 fe 21 
Gan aulye On a eadowe ce Q 20 
7 | July 10/ July 27 Q 17 
8 Oseee iulye sok: Q 21 
9 uly 13 Auge, 12 Q 20 |} 


Average length of feeding period, male and female larve, 19.666 days; male, 21 days; female, 19.285 days. 
Maximum length of feeding period, male and female larvee, 21 days; male, 21 days; female, 21 days. 
Minimum length of feeding period, male and female larvee, 17 days; male, 21 days; female, 17 days. 


The length of the feeding period of the transforming larve of the 
first brood (bagged-fruit method) is given in Table XXX. The 
average length of the feeding period was 25.333 days; maximum, 26 
days; minimum, 24 days. The average for the male larve was 25 
days; maximum, 26 days; minimum, 24 days. No record for female 
larvee was secured. 

The average feeding period for all transforming larvee was 21.082 


days, as given in Table XX XVIII. 


TABLE XXX.—Length of the feeding period of transforming larvxe of the first brood, 
bagged-fruit method, Winthrop, Me., 1914. 


Date of— 

No. of Oy bese 
observa- t | Sex. Days oi 
tion, Hatch- | Leaving mun 

ing. fruit. | 

jbl ayoakge) eel tres Wi) feo ae ea 26 
4 NW Me eenGloo eee Ss | 24 
3 | July 19] Aug. 14 | 3 26 


Average length of feeding period, male and female larve, 25.333 days; male, 25 days. 
Maximum length of feeding period, male and female larve, 26 days; male, 26 days. 
Minimum length of feeding period, male and female larve, 24 days; male, 24 days. 
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Length of the feeding period of wintering first-brood larve (stock-jar 
method).—Observations were taken on the length of feeding of 341 
larve, asis givenin Table XX XI. The average length of the feeding 
period for all larvee was 25.717 days; maximum, 46 days; minimum, 
19 days. The average length of feeding for the male larve was 
23.935 days; for the female larve, 27.022 days. The maximum length 
of the feeding period for the male larve was 46 days; for the female 
larve, 46 days. The minimum length of the feeding period for the 
male larve was 19 days; for the female larve, 19 days. 


TaBLe XX XI.—Length of feeding period of the wintering larve of the first brood, stock- 
jar method, Winthrop, Me., 1914. 


[Figures in parentheses ( ) denote sex undetermined.] 


| 
| Length of feeding period in specified days. 
Date of | - -| | 
Number of : | ‘ ‘ | | en 
[ead tiple acral | 
SIO a Ochre ee IS | gs PON Ee Oe | @ | & | Q 
if | | i 
| | 00 | | 
1) see kee July: 7 |oces cee et Seg eaves cs Wem Weer eet ag ic eis 
eee eee Silly; seal cee | eee ee Ti ae ae tee 1 pee eee iol Seis aes [a 
De Sopa eae Tiurly SO asa Sy ee | ee a ea ele eye eye Licence je ees | aces 
Kak nee July 11 | Toe alee s/h ae jhl sees | Alea 14 ie see eee 
ag Se eee Sia 02ers et eee et Thad ca ee fates Deel ee eee [ig eH aoe aloes 
OMe sere eee Aji: USS eS ee le aoe 1G reson esses 1 i eee eel pene Che oc og |\¢ ACL) ees eee een eee 
(eee ae uly daa eens ee | Tl ee ANE ahr le 2 RF EN Serle Sr [peo ae (asters ete tea) 
5 Dae oor ae Te Sil slr peas alee Vl eee eae hee sells Pee rel ees eae Se 
Ope nests Me Sully 160 122 ieee eel | a Ieppss(toh te Meee call alee 8 ie ie es ee See ij; 1 
Seen see lednaliy lala ce ea cee ae [ee Cel ul lea case Mliceyres EPs alee oy eo i Ti 
fee Sy | Sully: 18e|ees | = [ees Bee eval cehal as llc TS 6s Pia Ts ae eae el 
LOSER Se ee lative: (Opie oleae |S ee it ae eae JEST eee Pa ies tel (lv yale Olt 
oe tee a Voly 20s\e ce ee ae a A coe ae 1 | gts. 2 eee Ae: 
Die ee Wulyooie eo (ee eee oe alia 1 | (Oct, ces os le donee (eee 
Gate ees Muly 222 lee et eel. oe ee igeee ven 1 oe ic Sa crt lad | polishes ink 
Gis eee SILB UA 2 oe el aed ag eel Noo ieee ae [oe alec | re ais Te Wa ale See IC 
1h ee ee ei July 24 1 as citer | lee Lesh: a Bese 1 2 | Bet Ee jee? 
BS eee coe ee July 25 eats fe es [emcee Mees oe oes bal as tes ec le awe ey eri ebay) 2 
7 ee pee ene Fal 526 5 Sass ee sells Wat eee teame eee ens) aa ts eta ees eepel bi 1 ees cs 
Ooo ee Valyaoey ese lee lees |e ven tee Ie GD) Piles ee i ea ale vial Pes Ss 
eae a 29" | Valve 20 gee ae ere 2 ae Ee Leerblseeel< Dalrens oP SRIEE ee | oe 2 
1G a eee | July 31 etal ee oa | Pai fae fee fe age beh al eel ee SS 
Die de nena IByAvT ered Ie. gs ea}: @) lees Demet 2g 4k a aS ete 1 
(GMa ete POA ee Oe e oe cle sal eee |amae| al lens alarm ee alee (3.2) eres ita aed 
A Rare ee eS | Aug. 3 |- 1 i) al ipa) 1} 3) 1) 5|-2) @) 1 1 
Eieuigaiee eames Terie ap be ean free TANGLE | MCE ae Teg esi el eee 2 
Os een sere (peACingrsass 5 %\| eee ten Biocaa) Fsbo eco des 1) | TQM eee ees 
Deseseemateae IM Uip se Gsleeeele ne letes eee ae ee ei ee NIST es are ens ar 1 1 
1D) eesti eee PASTRY 88 sts | tag | sna eg ayy ee all rere | st [ee ore bescc|| ot Sierra ie 
7 a aN VCD Seta! ete eer eric (reel ees ee Sees een ares A re SS ee Nelle NaS clleaSs 
Shiteeand OL. pul 4 3}18| 6|14| 6/18 | 21) 28 | 6 | 17 22) 8 | 16 
| Sex undetermined....... 0 1 0 3 iise® e |e Temes ec) 


| INDOLE 5 oe Gecees oaGe 4 8 Lon a) 2S 40. | 66 | AS a he 6 
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TaBLE XX XI.—Length of feeding period of the wintering larvx of the first brood, stock: 
jar method, Winthrop, Me., 1914--Continued. 
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Taste XXXI.—Length of feeding period of the wintering larvx of the first brood, stock- 
jar method, Winthrop, Me., 1914—Continued. 
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Average length of feeding period, 341 male and female larvee, 25.717 days; 140 male larve, 23.935 days; 
176 female larvee, 27.022 days. 

Maximum length of feeding period, 341 male and female larvee, 46 days; 140 male larve, 46 days; 
176 female larvee, 46 days. 

Minimum length of feeding period, 341 male and female larve, 19 days; 140 male larve, 19 days; 
176 female larve, 19 days. 


Length of the feeding period of wintering first-brood larve (bagged- 
fruit method).—Table XXXII records the feeding period of 492 win- 
tering first-brood larve. The average feeding period of these larve 
was 31.865 days; maximum, 55 days; minimum, 24 days. The 
average feeding period for 226 male larve was 30.960 days; maxi- 
mum, 55 days; minimum, 24 days. The average feeding period for 
213 female larve was 32.436 days; maximum, 55 days; mmimum, 
25 days. 
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TaBLeE XX XII.—Length of feeding period of the wintering larvx of the first brood, bagged- 
fruit method, Winthrop, Me., 1914. 


[Figures in parentheses ( ) denote sex undetermined. ] 
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Date of 
Number of | entering | 24 25 26 27 28 29 30 31 
individuals. fruit 
CP Qe Oe coh MOS CP SAE cepted OO ieee Ca cop tale RON Thay) AS) 
| 
20k eee: July 10 (ord Eyles 7A AMG Bilt Jee GL) a7) ees ALY Hasse 
Shae aerate July 11 G@Ysees| 74 SGealseccssunal dose cones is] zeae Ral 
Dente as July 13 |- Tee tale! 4/ 4|(1)3} 3 i Hes alte ae 
2 eas oR. July 14 |----| SEC) a 2a a le ZC ee oe AM ieieeen (uae a 1 
22 Duly else | Es Subse welsiipi ak LES CONG Zoli Ble 2 as 
ADV shes es July 16 |---| 56 Sdllou oelldebellcSgellocdclseecliteoge IB Wososs (1)2} 1 9} 
AD es July 17| 1 ----|----| ()) 1] 3 Salone eee LoCo) elu 1/4 
ita epee os July 18 ri Gy Poles OB AG OM Salo ae soem Auld haley sD, 
Deak July 19 eo seeadlh (1h eel nid Be 5 i 1 Pt Fe ke A 
oes eae July 20 Ne Tea Ma allo : Oe Dale: k ys 
Hike kee Bae Jeli) Gil Wiles Bal Beales oe 2 a tl eae ee ONS ACA Te bee lip as 2 
1Geeursesions July 22 |----| (1); 1 16 kiN Aad eevee loess Dy Se Se CMTS Brg ute 1 
TG ie Pea aes | July 23 SARS Bh SP aeetrle Lat i jl aed epics be ed hate Oy eee NL 
20 Vol DYiasee eB ea ee Ie oi AO lease onl SATA Oe sce diubae ss 
AD ing #9 o00 Se July 25 |---- ----|----]---- Bee) (0) 1; 2) 4 |(1)4 Dilan: Ty aes 
IIB Ses ees peas July 26 |--------)----|---- 1 ieee Ds ees ig Paes |p ates 2 
Sie oee | dite NiPS Belles a oer el cso ea cel oe eed Sana eter Hoaliaaaes i le yee aca ali 
IDO ee eeeee| ly MAS slleecalbocellanda Hoon|eoculeedeleece Tyre ayaa eee Ale ct 1 be 2 a se Le 
Sa coe July 30 |----|----|----|---- Jeeeee Bowel See a or Foti es aac 
ieee aa | dAerh Si esbelaoedlbee abe oalsead| oe Ge oa] banelseben|aoselbsce Seas. TH ae ata Ban 
Seine yanee Aug. 2 |----)+---|----|----)-+--|----)----]----)-----)----/----|----- dan aesieee pee Bek 
Dine Sad wont Aug. 3 |----/----|----|----)----|----|----|----)----- 2 3 Derails 1 
Tee eer ae Aug. 4 |- Se ee ee 1 ay es eee TES 
leper area Sed Aug. 5 |----[---+|----|----|----]----[----]e- e+ [eee |-- ee |e ee -]e- ee -]e eee fe ee fee ee 
A ee BOO ee Aug. 6 |----|----|----|----|----]----|----|----[---2-)----)----]- 22+ [eee -]-- ee fee - ele eee 
Dos ee panes Aug. 7 \---+)--+--|----|---- : IM Re euleeeells saGcliogsae 1 
15 Aug. 8 |- ---|----]----) - LEMS e es ais eee Ne ele 
Geran Aug. 9 |----|----|----|----|----]----|----|---- UV ieee ID AVANC ec  licad coee is 
3 ANUS Ds [Sots Sone ota eas PS eee ale SaliGe sees ere )ee--|--e--|----- (1)|---- 
2 Aug. 11 |- -|----]---- | 1| 1 |....|-----|-----|----|----- : 
AOD San GeO ee aes Dries Onna Aare) 6. 21 | ott 96 Vet Zo 30) 20) hn 85 ly 20) obs Is 
Sex undetermined. ... 0 5 1 3 4 3 3 2 
MOURN sae a pe auld Radl 19 35 47 53 58 33 
1 J I ) 


40 BULLETIN 252, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE XX XII.—Length of feeding period of the wintering larve of the first brood, bagged- 
fruit method, Winthrop, Me., 1914—Continued. 
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TABLE XX XII.—Length of feeding period of the wintering larvex of the first brood, bagged- 
fruit method, Winthrop, Me., 1914—Continued. 
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Average length of feeding period, 492 male and female larve, 31.865 days; 226 male larve, 30.960 days; 
213 female larve, 32.436 days. 

Maximum length of feeding period, 492 male and female larve, 55 days; 226 male larve, 55 days; 213 
female larvee, 55 days. 

Minimum length of feeding period, 492 male and female larve, 24 days; 226 male larve, 24 days; 213 
female larve, 25 days. 

As was noted in 1913, the average feeding period of the transforming 
larve was shorter than that of the overwintering larve. Likewise 
the feeding period of the larve reared by the bagged-fruit method was 
longer than the feeding period of larve reared by any other method. 
The fact that female larvee feed on an average for a longer time than 
the male larve was again proven in 1914. 

Larval life in the cocoon.—The average number of days spent by 
the larve in constructing their cocoons was 6.166; maximum, 9 


days; minimum, 3 days. (See Table XX XIII.) 
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TABLE XX XIII.—Length of the pupal stage of the first brood, Winthrop, Me., 1914. 
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FIRST BROOD OF PUPA OR SUMMER PUP. 


Time of pupation.—Pupation of the first brood commenced July 27 
and extended until August 18, as shown in Table XXXIIT. (See 


fis. 7.) 
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Fie, 7.—Diagram showing pupation of the first brood of the codling moth in 1914 at Winthrop, Me. 
(Criginal.) 
Length of the pupal stage.—Table XX XIII records the length of the 
pupal period of 12 individuals. As will be noted, the average length 
of the pupal period was 15.250 days; maximum, 18 days; minimum, 
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Fic. 8.—Diagram showing emergence of the first brood of moths of the codling moth in 1914 at Win- 
throp, Me. (Original.) 
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FIRST CR SUMMER BROOD OF MOTHS. 


Time of emergence.—The moths of the summer brood commenced 
to issue August 11. The last moth emerged September 5. The 
record of the moth emergence is given in Table XXXIV. (See fig. 8.) 
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Taste XXXIV.—Time of emergence of moths of the first or summer brood, Winthrop, 


Me., 1914. 
Total Total | 
Date of emergence.| emer- Date of emergence. | emer- 
gence. gence 
SAULT SLM A 2th Une 1 AN BRD Te hae Pies etn il 
INDE NG deena 1 Sotho sessoacase 1 
PANO R PIE GM Se eeu EN 2 Sols Bossdaueeese 1 
mA OURS See aend = aire 2 Sen Dose cuweesse 1 
Us e20 ee Sesee ene 2 
INURE PBN Go Saar 1 13 


Time of oviposition.—As shown in Table XXXYV, the first eggs 
were deposited by the summer-brood moths on August 20. 


oviposition occurred September 20. 


The last 


TABLE XXX V.—First or summer brood of moths, Winthrop, Me., 1914. 


{ 
CAGE I. | CAGE II. 
| 
Death of moths. || D f : 
Number!) Begs eath of moths Numporih mers eath of moths 
Date. of moths | depos- Date. | of moths | depos- 
emerged.| ited. Malowmenale emerged. | ited. | yy.) al aimennales 
Aug. 11 TU gacacab tee rah A Date Su RENE | Sept. 2 SI area eng 
Aug. 16 TE Ha ag Pe ck Aas ee | Sept. 3 Dag ST AN pe 
Aug. 17 Dt Segara ONE ae [Re Rens || Sept. 5 TL) WASH Cay SSE Br IS ee ERO 
Aug. 18 PAT Sy etl SGA eas ag H SISO ef Neues Ee Stes | UE a ln ays 
Aug. 20 BAN Beggs iM hale eS STIR Sey one ICO) eet etches CONC SSN aia eet ee 
INDY: GOIN DBs cepa LO es | teeters a eee SG ou di secant ceeae PECORE as al Le oases 
Aug. 23 I Seen ae Mis cen Ra coz Hg 1S¥<) 10h: bn Pee es COME Uae Se ae UM 
PASH DA eee cee oe HE Spe ese Ng ae HES Dibsal ous. se SCL MS Noted Geis Ra a tia 
NSU Ei: linen ars = a lere GOW ee aoe alee Wi HIS OR SS Dewan. AL LOSS ard ain alec aan 
PaO RN — PROVE Be Se Peel ne eG ec a | TE Sey OU 1S orien archos ei 0 Kaya AN ae oy teh ere 
PAIGE 928) |e etiema cs IOI aS Aeneas see eel SS Oey Se ae ee elles Go ee eerie alle meine 
ING BRE be SiO lal ea pail ee ag ay Oa HeleESeDibe LOE ne eee ee donc Seas 1 
ANI ico Lelie Sits nrelfinee Serta i) BRA KEIO Pa lees el oer ene Ei Pe one 1 
SODUimee2e ever ecemrl pete s cee seme | APIS Ya lon sseatel|laenca se Delsarte 
Oiler 3 | 6 | Bye 1 2 


Number of eggs per first-brood female moth.—The total number of 
egos deposited by 8 female moths kept in confinement with male 
moths was 181. Hence the average number of eggs per female was 
22.625. 

LENGTH OF LIFE CYCLE OF THE FIRST GENERATION. 


The life cycle of the first generation of the codling moth is given in 
two tables, Tables XXXVI and XXXVIJ. The life cycle considered 
in these tables extends from the time of egg deposition to the emer- 
gence of the moth and hence is not the complete life cycle. For the 
complete life cycle there should be added to the figures recorded abcut 
four days, which is the time from the emergence of the moth until the 
first oviposition. As will be noted in the tables, the average life cycle 
(stock-jar method) was 50.222 days; bagged-fruit method averaged 
for 3 individuals 55 days. 
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TaBLE XXXVI.—Life cycle of first generation of codling moth as observed ney se 


at Winthrop, Me. 


, 1914, stock-jar feeding method. 


Date of— Days for— | 
No. of 
DSi Larve Emer- | Maacin | | 
vation. | Egg dep- | Hatch- leaving Pupa- gence of Hatch- Feed- | of 8 Pupal | Life 
osition. ing. | the fruit. tion. Tote: ing. | cocoon. period. | cycle.1 
19 | June 24} July 6) July 24/ July 27} Aug. 11 12 18 | * 3 15 48 
2a GOs Se Os2255 | July 27) Aug. 3} Aug. 17 12 21 | Uf 14 54 
3 On sune 27. |poalys Ss |pe- dose. - ma aes See Oneee 11 19 | ul 14 | 51 
AOR Peed ohe ee Soe0 Opens July 28 | Aug. 6} Aug. 20 li 20 | 9 14 54 
Dud pa OSes Ea Oseee | July 29} Aug. 5] Aug. 18 11 7A bs | 7 13 52 
COME sulye ae hubyes OMe dor. =: - Aug. 2/ Aug. 16 8 20 | 4 14 46 
79 | July 3/| July 10; July 27| Aug. 4| Aug. 18 7 17 | 8 14515 S465 
Oe | Bees Eee sees July 31 | Aug. 6] Aug. 20 G 21 | 6 14 | 48 | 
99° | July 5] July 13 | Aug. 2] Aug. 9 | Aug. 27 8 20) eek SEG 18 | 53 
Ascii 08 Ss ARO ae a RRS Se eS | 9.666 |19.666 | 6.444 | 14.444 50. 222 
Memernarremen ye ee! Sc hi tee 12 21 | 9 | 18 | 54 
Minimo Wes. .c oat ee ene | Te eral 3 | 46 


| 
| j 


1 Add 4 days for complete life cycle. 


TaBLE XXXVII.—Life cycle of first generation of codling moth as observed by rearing 


at Winthrop, Me., 


1914, ATLL fruit feeding method. 


Life 


‘period.| cycle.1 


Date of— Days for— 
No. of 
obser- Mak- 
Mer Egg dep-| Hatch- Larva Pupa- Emerg- Hatch-| Feed- | ing of | Pupal 
tion. | osition in leaving tion ence of | in in co- 
: 8: the fruit. | moths 8 8- 
coon. 
1.|July 8/| July 15 | Aug. 10 | Aug. 15} Sept. 2 7 26 5 18 
2¢ |} July 11 | July 17 |-..do...-| Aug. 18 | Sept. 5 6 24 | 8 18 
3¢ | July 12 | July 19} Aug. 14; Aug. 17} Sept. 3 len 26 3 Tees 
IN verape sc ose eal oie ang Ot Soe ee | @s860 25. 39S e5eSS8N IEE IGEG 
Maxamum: 28 s2-- Pere SOs Soe eee mete | ieee Ou 8 | 18 
VG TTT Ua ee re Gol e244 3 17 


1 Add 4 days for complete life cycle. 


A summary of Tables XXXVI and XXXVII is given in 


Table 


XX XVIII, which shows that the average life cycle of the first genera- 


tion of all individuals was 51.416 days. 
would be about 55-56 days. 


The complete life cycle 


TaBLE XX XVIII.—Summary of life cycle of first generation of codling moth, Winthrop, 


Me., 1914. 
| | | 
Number | Larval 
of obser- | feeding | 
vations. | method. | Hatch- Feed- 
ing. ing. 
Average life cycle........ 9 A 9.666 | 19.666 
Se ee eee cea 3 B 6. 666 25. 333 
peeraee of all life cycles. 12} A+B 8. 916 21. 082 


1 Add 4 days for complete life cycle. 
A, stock-jar method; B, bagged-fruit method. 


Making 


Days for— 


Pupal 
of cocoon.) period. 


6. 444 14. 444 
5. 333 17. 666 
6. 166 15. 249 


| 
| 
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THE SECOND GENERATION. 


SECOND BROOD GCF EGGS. 


Length of incubation —On August 20 the first egg of the second 
brood was deposited. Oviposition continued until September 18, 
reaching the maximum on August 31. Out of 138 eggs deposited 96 
(69.56 per cent) hatched. The average incubation period was 
10.208 days; maximum, 15 days; minimum, 8 days. ‘The average 
time from the time of egg deposition to the appearance of the red 
ring was 4.754 days; maximum, 9 days; minimum, 3 days. The 
average time for the appearance of the black spot was 8.368 days; 
maximum, 14 days; minimum, 6 days. (See Table XXXIX.), 


TABLE XI7XIX.—Length of incubation period of second-brood eggs, Winthrop, Me., 


1914. 
Date— Appearance of— 
No. of | Num- Incuba- | . 
obser- | ber of tion lee. a 
vation.| eggs Depos- Red Black Hatched Red | Black | period. ous 
ited. ring. spot. ‘| ring spot. 
Days. | Days Days. 
1 To) | es Re AAO) ee ee [oll US ay ey) La caps oven a Le SI et 1 
2 SHAT Se OOM Recital mecca noel teeae tices siete aes ual Anne all eere eben aera 8 
3 1} Aug. 24} Aug. 29 | Sept. 2 | Sept. 4 5 9 iat alaral eisai 
4 13 | Aug. 25 | Aug. 30 |.--.do..... Wd Osea 5 8 Oey rae se 
5 TIO) (sees Ke ae Mie Ses Sen a es a Seoul Wey Geese suelldesreace 11 3 
6 9 | Aug. 26 | Aug. 31 | Sept. 3 |...do..... 5 8 ANON Sane a 
a i fe es PEK COs Ae | es eats Mn kes eas SiO MO eee ale aes 11 3 
8 1 | Aug. 27 | Sept. 1] Sept. 4 | Sept. 8 5 8 SUPA NE pee 
9 3 | Aug. 28 | Sept. 4] Sept. 6 | Sept. 9 7 9 12 1 
10 6 | Aug. 31 | Sept. 5 |...do..... Sept. 8 5 6 SSorilbpasiteee ee Se 
11 FASS Nas SCO Oy smear Ie ene Al Haley aS At Sep Gs Oy srscate sn ee eee 9 4 
12 10 | Sept. 7 | Sept. 12 | Sept. 19 | Sept. 21 5 12 14 1 
13 3 | Sept. 10 | Sept. 15 | Sept. 21 |.........- 5 1G eases 3 
14 AA) GOs TUL alow sce SC OuS Re ae ies eis 4 TQ re aec Os ea, 2 
15 1 | Sept. 12 | Sept. 21 | Sept. 22 | Sept. 23 9 10 i eres Geer 
16 Heat | Bese Oe ee 2 LA RO PSE) Oya 4208] epee ever el Fe Ses eo 12 14 
17 7 | Sept. 13 | Sept. 17 | Sept. 21 | Sept. 23 4 8 OE eee ee 
18 3) Sa COlrs. SE ls TO a eed RSIS) Ove Hebe fee a DN er ae LED 0 aa 
19 7 | Sept. 14 | Sept. 17 | Sept. 20 | Sept. 23 3 6 Ch Riess aes ee 
20 3 | Sept. 18 | Sept. 22 | Oct. 2] Oct. 3 4 14 15 2 
TNS V YE, Ses oS VE ITS ee ag Set Se en Re cae ae 4.754 8. 368 10. 208 42 
IN Aegexa ri Ura ts Se ie re Ua git a Raed iat oi UN 9 14 Uae fei ate 
| Miia TIA ees ye a open sais op erie enn lure rere 3 6 Si HOR SN aE 


SECOND BRGOD OF LARVAL. 


Time of hatching.—As will be noted in Table XX XIX, the first of 
the second-brood larve hatched September 4. The last of the second- 
brood larve hatched October 3. Hence the period of hatching was 
about one month. 

Length of feedvng period.—Observations on the length of the feeding 
period was limited to 4 individuals. Many of the larvee which entered 
the fruit failed to mature. The average feeding period was 42.750 
days; maximum, 47 days; minimum, 38 days. The above records 
are given in Table XL. — 
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TaBLe XL.—Length of feeding period of second-brood larve, stock-jar method, Winthrop, 


Me., 1914. 
+ Date of 
Number | Date of : 3 Days of 
of larve. |hatching.| 1@ving | Sex. | feeding. 
| 
1| Sept. 8| Oct. 16] 9 38 
Te enone as | Oct. 21) g 43 | 
1 OWES cE AEO ESS ae | oh 43 
Peeters Ot! f255| 2g. wees 47 
PASVICT AS Gloria. ae, on Aare sia epee eee 42. 75 


BAND-RECOGRD EXPERIMENT, 1914. 


Durig the season of 1914 a total of 499 larve was collected from 
banded trees. The first larve left the fruit August 3, the last October 
11. None of these larve transformed. (See Table XLI.) 


‘TasLe XLI.—Band-record experiment, Winthrop, Me., 1914. 


l l 
eS Number | Number 
Number Dato OF Number Ae of para- No. of Dato Number pes of para- 
of record. cae of larve. “9! sites, || record. : of larve. >) sites 
| Ge 1914. 1914. °-| ing. 1914. 1914. 
iy || Aube eS 1 0 0) 14 | Sept. 11 20 0 0 
2 | Auge “6 3 0 0 15 | Sept. 14 31 0 0 
3) Aug. 9 0 0 0 | 16 | Sept. 17 43 0 0 
4} Aug. 12 7 0 0 | 17 | Sept. 20 42 0 0 
5 | Aug. 15 1 0 | 0 | 18 | Sept. 23 54 0 0 
6 | Aug. 18 2 0 0 | 19 | Sept. 26 16 0 0 
7 | Aug. 21 15 0 07 20 | Sept. 29 0 0 0 
8 | Aug. 24 8 0 0 | Die Oct. 2 6 0 0 
9 | Aug. 27 17 0 07 22) | OCtaas so int 0 0 
10 | Aug. 30 23 0 0 | 23) SOC 38 2 0 0 
11 | Sept. 2 30 0 0 245) Oct un 5 0 0 
12 | Sept. -5 82 0 | 0 | 
13 | Sept. 8 80 | 0 | 07 499 0 0 
\ J I } 


COMPARISON OF THE LIFE HISTORY OF THE CODLING 
MOTH IN 1913 AND 1914. 


A comparison of the life history of the codling moth is shown dia- 
orammatically in figure 9. This chart shows the beginning and end- 
ing of the different stages of the insect, and, in a general way, the 
maximum of activity for each phase of the life history. It will be 
noted that the life histories of the species during 1913 and 1914 
corresponded quite closely. Variations were due chiefly to climatic 
differences which were of comparatively short duration. 

In 1913 pupation began somewhat earlier than in 1914. An 
unusually warm period during the latter part of April and again 
during the first few days of May, 1913, doubtless exerted some in- 
fluence on the larve. The very early pupe in 1913, however, were 
evidently somewhat abnormal and failed to transform to moths. 
Pupation during both seasons ceased at approximately the same 
time. The average pupation period of the spring-brood pup in 
1913 was 19.030 days; in 1914, 22.581 days. 
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Fic. 9.—Diagram of the seasonal history of the codling moth during the seasons of 1913 and 1914 at Win- 
throp, Me. (Original.) 
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In 1913 apples were in bloom from about May 18 to June 4, when 
the last of the petals had fallen. The temperatures during the 
blooming period were relatively low, accompanied by considerable 
precipitation. In 1914 the blooming period was favored with some- 
what better weather conditions and, as a result of these climatic con- 
ditions, the moths of the spring br aoe began to issue a few days earlier 
than in 1913. 

The average length of the life of the male spring-brood moth in 
1913 was 10.685 days; of the female moth, 12.253 days. In 1914 
the average life of the male moth was 13.708 days; female moth, 
13.621 days. 

Oviposition by moths of the spring brood began at. very nearly the 
same time each year. In 1914, however, the period of oviposition 
extended about two wecks longer than in the preceding year. The 
average duration of the oviposition period in 1913 was 14.086 days; 
in 1914, 13.636 days. 

Hatching of the first-brood eggs in 1913 began a few days prior to 
the date of the earliest hatching in 1914. Likewise hatching ceased 
in 1913 about three days earlier than i 1914. The average incuba- 
tion. period of the first-brood eggs in 1913 was 8.874 days; in 1914, 
7.797 days. 

The time of leaving the fruit by transforming larve of the first 
brood was approximately the same during each season. The average 
feeding period of the tranforming larve in 1913 was 23.432 days; in 
1914, 21.082 days. 

The time of leaving the fruit by the overwintering fase of the 
first brood was, during both seasons, a few days later than the time 
when the earliest transforming larve left the fruit. The period of 
leaving the fruit extended over a longer time in 1914 than in the 
preceding year. The average feeding period for the overwintering 
first-brood larvee in 1913 was 27.884 days; in 1914, 29.348 days. 

The pupation period of the first or summer brood covered practi- 
cally the same time during 1913 and 1914, being shghtly earlier in 
the latter year. The average length of the pupal stage in 1913 was 
15.066 days; in 1914, 15.250 days. 

The emergence of the first or summer brood of moths extended 
over approximately the same period during both seasons, being 
slightly earlier in 1913 than in the following year. 

Oviposition by moths of the first or summer brood commenced 
about five days earlier and ceased about five days later in 1913 than 
in the following year. 

The average life cycle of the first generation in 1913 was 51.566 
days; in 1914, 51.416 days. Add four days for complete life cycle. 
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Hatching of the second-brood larve commenced about 12 days 
earlier in 1913 than in 1914. The average incubation period in 1913 
was 11.862 days; in 1914, 10.208 days. 

The second brood of larvee left the fruit over a considerably longer 
period in 1913 than in the following year. This was due to the 
smaller number of individuals under observation in 1914 and to the 
warm weather conditions in November, 1913. The United States 
Weather Bureau (Climatological Service, North Atlantic States, 
November, 1913) reports that the ‘“‘high temperatures caused unusual 
manifestations in nature.”’ The average feeding period of the second- 
brood larve in 1913 was 49.160 days; in 1914, 42.750 days. The 
higher average in 1913 was due to the larger number of individuals 
which were leaving the fruit from September 25 to November 21. 


THE CONTROL OF THE CODLING MOTH IN MAINE. 


In connection with the life-history studies of the codling moth a 
series of spraying experiments was conducted in 1913 and 1914. 
As a result of these investigations it was found that one thorough 
spray application, as soon as the petals have fallen, is sufficient to 
control the codling moth. Arsenate of lead, paste 2 pounds or powder 
1 pound to each 50 gallons of water, is recommended. 

The proper time to spray is illustrated in Plate I. The spraying 
should be completed before the calyx cup closes too tightly, in order 
to fill each cup with the poison. This is of vital importance. 


SUMMARY AND CONCLUSIONS. 


The life-history studies of the codling moth herein recorded were 
conducted during the seasons of 1913 and 1914 at Winthrop, Me. 

The codlmg moth in Maine has one full generation, a very small 
percentage (1 to 2 per cent) of the individuals of which transforms 
to make a partial second generation. 

Pupation of the overwintering larve begins about the middle of 
May and extends to the first part of July. The length of the spring- 
brood pupal stage averaged 21 days. 

The moths of the spring brood begin to emerge about two weeks 
after the petals have fallen and continue to issue for a period of 
about a month. 

The average time from the date of emergence of the moths to first 
oviposition was about four days. 

The oviposition of the spring-brood moths averaged 14 days. 

The average length of life of the male spring-brood moth was about 
12 days; of the female spring-brood moth about 13 days. 
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The earliest first-brood eggs were deposited approximately three 
weeks after the petals dropped. 

The incubation period of the first-brood eggs averaged eight days. 

The first-brood eggs began to hatch in from four to five weeks after 
the petals had fallen. 

The transforming larve of the first brood fed for a period of about 


22 days. 
The overwintering larve of the first brood had an average feeding 


period of 28 days. 

The female larvee of the first brood fed for a longer period than the 
male. 

The average time spent by the transforming larve in constructing 
their cocoons was about six days. 

Approximately from 1 to 2 per cent of the first-brood larve. trans- 
formed to first-brood pupze. The remainder of the larve did not 
transform until the following spring (spring pupe). 

Pupation of the first or summer brood commenced during the latter 
part of July. The average length of the first-brood pupal stage was 
15 days. 

The first or summer brood of moths began to emerge just previous 
to mid-August and continued to issue for a period of about one month. 
Oviposition by moths of the first brood began about mid-August. 

The life cycle of the first generation was 51 days. The complete 
life cycle was about 55 days. 

The average incubation period of the second brood of eggs was 11 
days. 

The average feeding period of the second-brood larvz was 46 days. 

The female larvee of the second brood fed for a longer time than the 
male. 

The hymenopterous parasite Ascogaster carpocapse Vier. was fre- 
quently reared. 

The well-known beetle enemy Tenebroides corticalis Melsh. was com- 
monly found attacking codling-moth larve. 

The codling moth in Maine may be controlled with one spray 
thoroughly applied as soon as the petals drop. Arsenate of lead, 
paste 2 pounds or powder 1 pound to each 50 gallons of water, 
is recommended. 
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